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GENERAL  MONTHLY  MEETING, 
Monday,  November  5th,  1866. 

William  Pols,  Esq.  M.A.  F.E.S.  in  the  Chair. 

Samuel  Osborne  Habershon,  M.D. 
was  admitted  a  Member  of  the  Royal  Institution. 

The  Special  Thanks  of  the  Members  were  returned  to  the 
following  Contributors  to  "  the  Donation  Fund  for  the  Promotion 
of  Experimental  Researches : " — 

Arthur  Giles  Puller,  Esq.  (2nd  donation)      .        .      £21    0    0 
Benjamin  Leigh  Smith,  Esq 10  10    0 

and  to  Henry  Wilde,  Esq.,  for  his  valuable  present  of  his  Magneto- 
Electric  Machine 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
tablo,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. :  — 
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Journal,  Vol.  XXXV.    8vo.     1866. 
Geological  Institute,  Royal,  Vienna — Jahrbuch,  Band  XV.  No.  4 :   Band  XVI. 

No.  1.    4to.     1865-6. 
Geological  Society — Quarterly  Journal,  No.  87.    8vo.     1866. 
Geological  Society  of  Ireland,  Royal — Journal,  Vol.  I.  Part  2.    8vo.     1866. 
Greenwich  Observatory  (through  the  Royal  Society) — Greenwich  Observations  in 

1864.    4to.    1866. 
Grove,  W.  R.  Esq.  Q.C.  F.R.&  M.R.I,  (the  Author)— Address  of  British  Associa- 
tion, Aug.  22,  1866.    8vo. 
Hofmann,   A.  W.   LL.D.   F.R.S.  (the  Author) — Chemical  Laboratories  in  the 

Universities  of  Bonn  and  Berlin.    4to.    1866. 
Horticultural  Society,  Royal — Proceedings,  1866.    No.  5.    8vo. 

Journal,  Vol.  I.  No.  3.    1866.    8vo. 
HuU  Literary  and  Philosophical  Society— Bepori  for  1866.    8vo.    1866. 
Institution  of  Civil  Engineers — Minutes  of  Proceedings.     Vols.   XXII.   XXIII. 
XXIV.  and  XXV.    8vo.    1862-66. 
Catalogue  of  the  Library.    2nd  ed.    8vo.     1866. 
Irish  Academy,  Royal— Transactions,  Vol.  XXIV.   Five  Parts.    4 to.   1865-6. 
Ladd,  Mr.  W.— The  Inductoriura  ;  by  H.  M.  Noad.     16to.     1866. 
Lankester,  E.  M.D.  F.R.S.  M.R.I,  ((he  Author)— Cholera.     16to.     1866. 
Linnean  Society — Journal  and  Proceedings :  Zoology,  No.  34.    8vo.     1866. 
Longmans  <fc  Co.  Messrs. — St.  Bartholomew's  Hospital  Reports.   Vol.  II.  8vo.  1866. 
Manchester  Literary  and  Philosophical  Society — Memoirs :  Third  Series.    Vol.  II. 
8vo.    1865. 
Proceedings,  Vols.  HI.  and  IV.    8vo.    1864-5. 
Manning,  Frederick,  Esq.  M.R.I,  (the  Editor)-— Series  of  Views  intended  to  illustrate 
C.  Cotton's  Work,  entitled  the  Second  Part  of  the  *  Complete  Angler,'  and 
other  Views.    4to.    1866. 
Mechanical  Engineers'  Institution,  Birmingham — Proceedings,  Nov.  1865  ;  Jan.  and 

May,  1866.    8vo. 
Medico-Chirurgical  Society,  Royal — Proceedings   Vol.  V.  No.  5.     8vo.    1866. 
Naoroji,  D.  Esq.  M.R.I,  (the  Author) — Observations  on  Mr.  Crawford's  Paper  on 

the  European  and  Asiatic  Races.  (Ethnological  Soc.  Trans.  1866.)    8vo. 
Oakes,  Lieut-Colonel  W.  U.  AJ.A. — Table  of  the  Reciprocals  of  Numbers  from 
1  to  100,000,  with  their  Differences.    8vo.    1865. 
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Payne,  Joseph,  Esq,  MM  J.  (the  Author)— The  Cumctdum  of  Modern  Education 

(L14)    8vo.    1866. 
Photographic  Society— Journal  No.  171-173.    8vo.     1866. 
Plateau,  M.  Hon,  M.RI.  {the  Author) — Recherches  snr  lea  Figures  d'Eqnilibre. 

4to.  1866. 
Poor- Law  Board — Dr.  E.  Smith's  Report  on  Metropolitan  Workhouse  Infirmaries. 

(P9)    Pol.    1866. 
Raumer,  M.  von  Friedrich,  HonMJLL  (the  Author) — Handbuch  zur  Geschichte 

der  Literatur.    Theil  HI.  &  IV.    8vo.    1866. 
Roma,  Accademia  do'  Nuovi  Lincei—Atti :  Anno  XVJJJ.    4 to.    1866. 
Royal  Society  of  London— Proceedings,  No.  85,  86.    8vo.    1866. 

Philosophical  Transactions,  1866.    Vol.  CLYI.  Part  1.  4to.  1866. 
SL  Petersburg  Imperial  Academy  of  Sciences — Memoires:  VIP  Serie.      Tome  IX. 

et  Tome  X.  Nos.  1,  2.    4to.    1865-6. 
Bulletins,  Tome  IX.    4to.    1865. 
Society  of  Antiquaries — Proceedings,  Vol.  II.  No.  7.    8vo.    1864. 
Catalogue  of  a  Collection  of  Printed  Broadsides  in  the  possession  of  the  Society 

of  Antiquaries,  London ;  by  B.  Lemon.    8vo.    1866. 
Squire,  A,  Balmanno,  M*B.  (the  Author) — Chromo-Lithographs  of  the  Diseases  of 

the  Skin.    4  to.    1866. 
Statistical  Society  of  London— Journal,  Vol.  XXIX.  Parts  2  and  3.    8vo.    1866. 
Surgeon-General,  United  States'  Army — Reports  on  Materials  for  Medical  and 

Surgical  History  of  the  Rebellion.    4to.    1866. 
Teyler  Museum,  Haarlem — Archives.    Vol  I.    Fasc.  1.    8vo.    1866. 
United  Service  Institution,  Royal— Journal,  No.  39.    8vo.    1866. 
United  States  Naval  Observatory — Astronomical  and  Meteorological  Observations 

for  1863.    4to. 
United  States1  Sanitary  Cammiwion— Documents.    Vols.  I.  II.    8vo.    1866. 

Bulletin.    Vols.  I.-III.    8vo.    1863-5. 
Vereins  zur  Befbrderung  des  Oewerbsfleisses  in  Preussen — Verhandlungen,  Mara- 

Juni,  1866. 
Volpicelli,  Professor  (the  Autiior) — Richerche  Analitiche  sul  Bifilare,  &c.    4to. 

Roma,  1865. 
Zoological  Society  of  Ixmdof*— Transactions.    VoL  V.  Part  5.    4to.    1866. 
Proceedings,  1865.    8vo.    Report,  1866.    8vo. 


GENERAL  MONTHLY  MEETING, 

Monday,  Deo.  3,  1866. 

Lisut.-Gen.  Edward  Sabine,  B.A.  D.G.L.  President  B.S. 

Vice-President,  in  the  Chair. 

John  Augustus  Seymour  Morse  Davies,  Esq. 

Thomas  Dell,  Esq.  F.K.A.8. 

Frederick  Thomas  Elworthy,  Esq. 

Mrs.  Ellen  Hawkins. 

Bobert  Pilkington  Linton,  Esq. 

Alfred  Sandilands,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 
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The  Managers  reported,  That  the  following  Resolution  was  passed 
at  their  Meeting  held  this  day  : — 

"  Resolved,  That  the  Committee  of  Managers  have  learnt  with  regret 
the  decease  of  John  Pepys,  Esq.  (on  Nov.  13),  who  was  for  a 
period  of  sixty-six  years  a  Member  of  this  Institution ;  and  in 
their  noticing  his  death  they  cannot  but  remember  the  great 
interest  he  ever  took  in  this  Institution,  and  the  substantial 
support  he  rendered  to  it."  * 

Whereupon  it  was  proposed  by  Mr.  Wm.  Pole,  seconded  by  Dr. 
Lewis  Powell,  and 

u  Resolved  unanimously,  That  this  Meeting  heartily  concurs  in  the 
sentiments  expressed  in  the  Resolution  of  the  Managers." 

The  Special  Thanks  of  the  Members  were  returned  for  the 
following  Contribution  to  "the  Donation  Fond  for  the  Promotion 
of  Experimental  Besearches :" — 

Henry  Vaughan,  Esq.  (2nd  donation)    .         .         .     £20    0    0 

The  following  Lecture  Arrangements  for  the  ensuing  Season 
were  announced : — 

Christmas  Lectures,  1866.    (Adapted  to  a  Juvenile  Auditory.) 

Professor  Frank  land,  F.R.S.— Six  Lectures, '  On  the  Chemistry  of  Gases.' 
On  December  27th,  29th,  1866 ;  January  1st,  3rd,  5th,  8th, 
1867. 

Before  Easter,  1867. 

Rev.  Chables  Kingsley. — Three  Lectures,  '  On  the  Ancien  Regime,  as 
it  existed  on  the  Continent  before  the  French  Revolution.'  On 
Tuesday,  Thursday,  and  Saturday,  January  15th,  17th,  and  19th. 

Professor  Tyndall,  F.R.S.  —  Twelve  Lectures,  '  On  Vibratory  Motion, 
with  Special  Reference  to  Sound.'  On  Tuesdays  and  Thursdays, 
January  22nd  to  February  28th. 

G.  A.  Macfabben,  Esq. — Six  Lectures,  •  On  Harmony.'  On  Saturdays, 
January  26th  to  March  2nd. 

Rev.  G.  Henslow. — Six  Lectures, '  On  the  Practical  Study  of  Botany.'  On 
Tuesdays,  March  5th  to  April  9th. 

Professor  Fbanklaxd,  F.R.S.  —  Six  Lectures,  '  On  Coal  Gas.'  On 
Thursdays  and  Saturdays,  March  7th  to  23rd. 

William  Pengelly,  Esq.  F.R.S.— Six  Lectures, '  On  Geological  Evidences 
in  Devonshire  of  the  Antiquity  of  Man.'  On  Thursdays  and 
Saturdays,  March  28th  to  April  13th. 


*  In  the  Report  of  the  General  Monthly  Meeting,  Juno  5,  1854  (Proceedings, 
R.I.  Vol.  L  p.  455),  will  be  found  a  letter  from  Mr.  Pepys,  accompanying  his  fifth 
donation  of  1002.  and  tho  Resolution  passed  thereon. 
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Tho  Presents  received  since  the  last  Meeting  were  laid  on  the  table, 
and  the  thanks  of  the  Members  returned  for  the  same :  viz. — 

FROM 

Lords  of  tite  Admiralty— Nautical  Almanack  for  1870.    8vo.     1866. 
Trustees  of  the  British  Museum—  Catalogue  of  Fishes.  .Vol.  VI.    8va    1866. 
Catalogue  of  Meteorites.    8vo.    1866. 
Index  to  Collection  of  Minerals.    8vo.     1866. 
Guide  to  Minerals.    8vo.    1866. 
Guide  to  Autograph  Letters,  &c.    12mo.    1866. 
Arcliitects,  Royal  Institute  of  British— Proceedings,  1866-7.    Part  I.  No.  1.    4to. 
Authors — Researches  in  Solar  Physics.     Second   Series.     By  W.  Do  la    Bue, 

Balfour  Stewart,  and  Benjamin  Loewy.     (Phil.  Trans.  1866.) 
Balfour,  Major-General,  C.B.  {the  Author, — On  the  Budgets    and  Accounts  of 

Englaud  and  France.    (Journal  Stat.  Soc.  1866.)    8vo.    1866. 
Bernard,  Lieut. -Col.   Peter— Anacalypsis ;     or  an  Inquiry  into  the  Origin  of 
Languages,  Nations,  and  Religions.    By  Godfrey  Higgins.  2  vols.   4to.    1836. 
British  Pharmaceutical  Conference — Proceedings.     1866.     8vo. 
Chemical  Society — Journal  for  November,  1866.    8vo. 
Editors—  Artizan  for  November,  1866.    4to. 
Athenaeum  for  November,  1866.    4to. 
British  Journal  of  Photography  for  November,  1866.    4to. 
Chemical  News  for  November,  1866.    4to. 
Engineer  for  November,  1866.    fol. 
Horological  Journal  for  November,  1866.    8vo. 
Journal  of  Gas-Lighting  for  November,  1866.    4to. 
Mechanics'  Magazine  for  November,  1866.    8vo. 
Pharmaceutical  Journal  for  November,  1866. 
Practical  Mechanics'  Journal  for  November,  1866.    4 to. 
Faraday,  Professor ;  D.C.L.F.RJ3. — Archives  Neerlandaises  des  Sciences;  publiees 
par  la  Societe  Hollandaise  des  Sciences  a  Harlem.    Tome  I.    Li  v.  1-4.    1866. 
Abhandlungen  der  Akademie  der  Wissenschaften  zu  Berlin :  1864.    4 to.    1865. 
Beale  Accademia  delle  Scienze  cli  Torino ;  Memorie ;  Serie  Seconda.  Tomo  XXI. 

4to.    1865.    Atti :  Disp.  1, 2.    8vo.    1866. 
Ad.  Quctelet:    Sciences    Mathematiques  et    Physiques  chez  lea  Beiges    au 

Commencement  du  XIX*   Siecle.    8vo.     Bruxelles,  1866. 
Astronomical  Observations  at  Ley  ton  Observatory,  Essex.    1862-4.    4to.    1865. 
J.  S.  Stas  :  Nouvelles  liecherches  sur  les  Lois  des  Proportions  Chimiques,  sur 

les  Poids  Atomiques,  et  leurs  Rapports  Mutuels.    4to.    Bruxelles.     1865. 
Annual  of  the  National  Academy  of  Sciences  for  1865.    Cambridge,  U.S.  1866. 
Atlantic  Telegraph  Cable:  Documents.    (K  94)    8vo.    1866. 
C.  N.  Doughty :  Glaciers  of  Norway.    (K  94)    8vo.     1866. 
M  Seguin :  Causes  et  Effete  do  la  Chaleur,  de  la  Lumiere  et  de  I'Electricite'. 
(L14)    8vo.    1865. 
Franklin  Institute—Journal,  No.  490.     8vo.     1866. 
Geological  Society — Quarterly  Journal,  No.  88.    8vo.     1866. 
Hope,  Alex.  J.  B.  Beresford,  Esq.  M.P.  (the  Author) — Address  to  Royal  Institute  of 

British  Architects,  Nov.  5, 1866.    4to. 
Huxley,  Professor  T.  H.  F.RJ3.  (the  Author)— Lessons  in  Elementary  Physiology. 

16  to.    1866. 
Linnean  Society— Journal  and  Proceedings :  Botany,  No.  38.    8vo.    1866. 
Medical  and  Chirurgical  Society,  Royal — Medico-Chirurgical  Transactions.    Vol. 

XLIX.    8vo.    1866.    Additions  to  Library.    No.  9.     1866.    8vo. 
Meteorological  Society — Proceedings,  No.  26.     1866. 
Photographic  Society- -Journal,  No.  175.    8vo.     1866. 
Truman,  Edwin,  Esq,  M.R.I.  {the  Editor)— Archives  of  Dentistry.    Vol.  I.    8vo. 

1865. 
Tuhe,  Thos.  Harrington,  M.D.  £££./.— Study  of  Hamlet,  by  J.  Conolly.    16to.    1863. 

Murray,  Adam,  Esq.  M.BJ.—A  Small  Box  of  Minerals. 
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WEEKLY  EVENING  MEETING, 

Friday,  January  18, 1867. 

John  Tyndall,  Esq.  LL.D.  P.R.S. 

FBOFBSKB  OF  NATURAL  PH1L08OPHY,  R.I.  BTO. 

On    Sounding    and   Sensitive    Flames. 

Historical. 

The  sounding  of  a  hydrogen  flame  when  enclosed  within  a  glass  tnbe 
was,  I  believe,  first  noticed  by  Dp.  Higgins,  in  1777.  The  subject 
has  been  since  investigated  by  Chladni,  De  la  Rive,  Faraday,  Wheat- 
stone,  Bijke,  SondhausSj  and  Enndt.  The  action  of  nnisonant  sounds 
on  flames  enclosed  in  tubes  has  been  investigated  by  Count  Schaff- 
gotsch  and  myself.  The  jumping  of  a  naked  fish-tail  flame,  in 
response  to  musical  sounds,  was  first  noticed  by  Professor  Leconte  at 
a  musical  party  in  the  United  States.  He  made  the  important 
observation  that  the  flame  did  not  jump  until  it  was  near  flaring. 
That  his  discovery  was  not  further  followed  up  by  this  learned  investi- 
gator was  probably  due  to  too  great  a  stretch  of  courtesy  on  his  part 
towards  myself.*    Last  year,  while  preparing  the  experiments  for  one 

*  The  observation  of  Professor  Leconte  is  thus  graphically  described : — "  Soon 
after  the  music  commenced,  I  observed  that  the  flame  of  the  last-mentioned  burner 
exhibited  pulsations  in  height  which  were  exactly  synchronous  with  the  audible 
beats.  This  phenomenon  was  very  striking  to  every  one  in  the  room,  and  especially 
so  when  the  strong  notes  of  the  violoncello  came  in.  It  was  exceedingly  inter- 
esting to  observe  how  perfectly  even  the  trills  of  this  instrument  were  reflected  on 
the  sheet  of  flame.  A  deaf  man  might  have  seen  the  harmony.  As  the  evening 
advanced,  and  the  diminished  consumption  of  gas  in  the  city  increased  the  pressure, 
the  phenomenon  became  more  conspicuous.  The  jumping  of  the  flame  gradually 
increased,  became  somewhat .  irregular,  and,  finally  it  began  to  flare  continuously, 
emitting  the  characteristic  sound  indicating  the  escape  of  a  greater  amount  of  gas 
than  could  be  properly)  consumed.  I  then  ascertained  by  experiment,  that  the 
phenomenon  did  not  take  place  unless  the  discharge  of  gas  was  so  regulated,  that 
the  flame  approximated  to  the  condition  of  flaring.  I  likewise  determined  by 
experiment,  that  the  effects  were  not  produced  by  jarring  or  shaking  the  floor  and 
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of  my  "  Juvenile  Lectures,"  my  late  assistant,  Mr.  Barrett,  observed 
the  effect  independently ;  and  be  afterwards  succeeded  in  illustrating 
it  by  some  very  striking  experiments.  With  a  view  to  the  present 
discourse,  and  also  to  the  requirements  of  a  forthcoming  work  on 
Sound,  the  subject  of  sounding  and  sensitive  flames  has  been  recently 
submitted  to  examination  in  the  Laboratory  of  the  Boyal  Institution. 
The  principal  results  of  the  inquiry  are  embodied  in  the  following 
abstract. 


Abstbaot  of  Lbotube. 

Pass  a  steadily-burning  candle  rapidly  through  the  air,  you  obtain 
an  indented  band  of  light,  while  an  almost  musical  sound  heard  at  the 
same  time  announces  the  rhythmic  character  of  the  motion.  If,  on 
the  other  hand,  you  blow  against  a  candle-flame,  the  fluttering  noise 
produced  indicates  a  rhythmic  action. 

When  a  fluttering  of  the  air  is  produced  at  the  embouchure  of  an 
organ-pipe,  the  resonance  of  the  pipe  reinforces  that  particular  pulse 
of  the  flutter  whose  period  of  vibration  coincides  with  its  own,  and 
raises  it  to  a  musical  sound. 

When  a  gas-flame  is  introduced  into  an  open  tube  of  suitable 
length  and  width,  the  current  of  air  passing  over  the  flame  produces 
such  a  flutter,  which  the  resonance  of  the  tube  exalts  to  a  musical 
sound. 

Introducing  a  gas-flame  into  this  tin  tube  three  feet  long,  we 
obtain  a  rich  musical  note ;  introducing  it  into  a  tube  six  feet  long,  we 
obtain  a  note  an  octave  deeper — the  pitch  of  the  note  depending  on  the 
length  of  the  tube.  Introducing  the  flame  into  this  third  tube,  which 
is  fifteen  feet  long,  the  sound  assumes  extraordinary  intensity.  The 
vibrations  which  produce  it  are  sufficiently  powerful  to  shake  the 
pillars,  floor,  seats,  gallery,  and  the  five  or  six  hundred  people  who 
occupy  the  seats  and  gallery.  The  flame  is  sometimes  extinguished 
by  its  own  violence,  and  ends  its  peal  by  an  explosion  as  loud  as  a 
pistol  shot. 

The  roar  of  a  flame  in  a  chimney  is  of  this  character :  it  is  a  rude 
attempt  at  music. 

By  varying  the  size  of  the  flame,  these  tubes  may  be  caused  to 
emit  their  harmonic  sounds. 

Passing  from  large  tubes  to  small  ones,  we  obtain  a  series  of 
musical  notes,  which  rise  in  pitch  as  the  tube  diminishes  in  length. 

walla  of  the  room  by  means  of  repeated  concussions.  Hence  it  is  obvious  that  the 
pulsations  of  the  flame  were  not  owing  to  indirect  vibrations  propagated  through 
the  medium  of  the  walls  of  the  room  to  the  burning  apparatus,  but  must  have  been 
produced  by  the  direct  influence  of  aerial  sonorous  pulses  on  the  burning  jet'' — 
*  PhiL  Mag/  4th  series,  vol.  xv.  March,  1858,  p.  235 ;  and  '  Silliman's  American 
Journal/  Jan.  1858. 
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This  flame,  surrounded  by  a  tube  17£  inches  long,  vibrates  459  times 
in  a  second,  while  that  contained  in  this  tube,  10 J  inches  long, 
vibrates  717  times  in  a  second.  Owing  to  the  intense  heat  of  the 
sounding  column,  these  numbers  are  greater  than  those  corresponding 
to  organ-pipes  of  the  same  lengths  sounding  in  air. 

The  vibrations  of  the  flame  consist  of  a  series  of  partial  extinctions 
and  revivals  of  the  flame. 

The  singing  flame  appears  continuous ;  but  if  the  head  be  moved  to 
and  fro,  or  if  an  opera-glass,  directed  to  the  flamo,  be  caused  to  move 
to  and  fro ;  or  if,  after  the  method  of  Wheatstone,  the  flame  be 
regarded  in  a  mirror  which  is  caused  to  rotate,  the  images  due  to  the 
revivals  of  the  flame  are  separated  from  each  other,  and  form  a  chain 
of  flames  of  great  beauty. 

With  a  longer  tube  and  larger  flame,  by  means  of  a  concave  mirror, 
I  can  project  this  "chain  of  flames  upon  a  screen.  I  first  clasp  my 
hand  round  the  end  of  the  tube  so  as  to  prevent  the  current  of  air 
which  causes  the  flutter  from  passing  over  the  flame : — the  image  of 
the  flame  is  now  steady  upon  the  screen  before  you.  I  move  the 
mirror  to  and  fro,  and  you  have  this  continuous  luminous  band : 
I  withdraw  my  hand ;  the  current  of  air  passes  over  the  flame,  and 
instantly  tho  band  breaks  up  into  a  chain  of  images. 

A  position  can  be  chosen  in  the  tube  at  which  the  flame  bursts  spon- 
taneously into  song.  A  position  may  also  be  chosen  where  the  flame 
is  silent,  but  at  which,  if  it  could  only  be  started,  it  would  continue  to 
sound.  It  is  possible  to  start  such  a  silent  flame  by  a  pitch-pipe,  by 
the  syren,  or  by  the  human  voice.  It  is  also  possible  to  cause  one 
flame  to  effect  tho  musical  ignition  of  another. 

The  sound  which  starts  the  flame  must  be  nearly  in  unison  with  its 
own.    Both  flames  must  be  so  near  unison  as  to  produce  distinct  beats. 

A  flame  may  be  employed  to  detect  sonorous  vibrations  in  air. 

Thus,  in  front  of  this  resonant  case,  which  supports  a  large  and 
powerful  tuning-fork,  I  move  this  bright  gas-flame  to  and  fro.  A 
continuous  band  of  light  is  produced,  slightly  indented  through  the 
friction  of  the  air.  The  fork  is  now  sounded,  and  instantly  this  band 
breaks  up  into  a  series  of  distinct  images  of  the  flame. 

Approaching  the  same  flame,  towards  either  end  of  one  of  our  tin 
tubes,  with  the  sounding  flame  within  it,  and  causing  it  to  move  to 
and  fro,  the  sonorous  vibrations  also  effect  the  breaking  up  of  the  band 
of  light  into  a  chain  of  images. 

In  this  glass-tube,  fourteen  inches  long,  a  flame  is  sounding :  I 
bring  the  flat  flame  of  a  fish-tail  burner  over  the  tube,  the  broad  side 
of  the  flame  being  at  right  angles  to  the  axis  of  the  tube.  The  fish- 
tail flamo  instantly  emits  a  musical  note  of  the  same  pitch  as  that 
of  the  singing-flame,  but  of  different  quality.  Its  sound  is,  in  fact, 
that  of  a  membrane,  the  part  of  which  it  here  plays. 

Against  a  broad  bat's-wing  flame  1  allow  a  sheet  of  air,  issuing 
from  a  thin  slit,  to  impinge.  A  musical  note  is  the  consequence. 
The  note  can  be  produced  by  air  or  by  carbonic  acid ;  but  it  is  pro- 
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duced  with  greater  force  and  purity  by  oxygen.  The  pitch  of  the  note 
depends  on  the  distance  of  the  slit  from  the  flame. 

Before  you  burns  a  bright  candle-flame :  I  may  shout,  clap  my 
hands,  sound  this  whistle,  strike  this  anvil  with  a  hammer,  or  explode 
a  mixture  of  oxygen  and  hydrogen.  Though  sonorous  waves  pass 
in  each  case  through  the  air,  the  candle  is  absolutely  insensible  to 
the  sound ;  there  is  no  motion  of  the  flame. 

I  now  urge  from  this  small  blow-pipe  a  narrow  stream  of  air 
through  the  flame  of  the  candle,  producing  thereby  an  incipient  flutter, 
and  reducing  the  brightness  of  the  flame.  1  now  sound  the  whistle ; 
the  flame  jumps  visibly.  Matters  may  be  so  arranged  that  when 
the  whistle  sounds,  the  flame  shall  be  either  almost  restored  to  its 
pristine  brightness,  or  that  the  amount  of  light  it  still  possesses  shall 
disappear. 

Before  you  now  burns  a  bright  flame  from  a  fish-tail  burner.  I 
may,  as  before,  shout,  clap  my  hands,  sound  a  whistle,  or  strike  an 
anvil ;  the  flame  remains  steady  and  without  response.  I  urge  against 
the  broad  face  of  the  flame  a  stream  of  air  from  the  blow-pipe  just 
employed.  The  flame  is  cut  in  two  by  the  stream  of  air.  It  flutters 
slightly,  and  now  when  the  whistle  is  sounded  the  flame  instantly 
starts.  A  knock  on  the  table  causes  the  two  half-flames  to  unite  and 
form  for  an  instant  a  flame  of  the  ordinary  shape.  By  a  slight  variation 
of  the  experiment,  the  two  side-flames  disappear  when  the  whistle 
is  sounded,  and  a  central  tongue  of  flame  is  thrust  forth  in  their 
stead. 

Passing  from  a  fish-tail  to  a  bat's-wing  burner,  I  obtain  this 
broad  steady  flame.  It  is  quite  insensible  to  the  loudest  sound  which 
would  be  tolerable  here.  The  flame  is  fed  from  this  gas-holder, 
which  places  a  power  of  pressure  at  my  disposal  unattainable  from 
the  gas-pipes  of  the  Institution.  I  turn  on  more  gas ;  the  flame  enlarges, 
but  it  is  still  insensible  to  sound.  I  enlarge  it  still  more,  and  now  a 
slight  flutter  of  its  edge  answers  to  the  sound  of  the  whistle.  Turning 
on  a  little  more  gas,  and  sounding  again,  the  jumping  of  the  flame  is 
still  more  distinct  Finally  I  turn  on  gas  until  the  flame  is  on  the 
point  of  roaring,  as  flames  do  when  the  pressure  is  too  great.  I  now 
sound  my  whistle ;  the  flame  roars  and  thrusts  suddenly  upwards  eight 
long  quivering  tongues. 

I  strike  this  distant  anvil  with  a  hammer,  the  flame  instantly 
responds  by  thrusting  forth  its  tongues. 

Another  flame  is  now  before  you.  It  issues  from  a  burner,  formed 
of  ordinary  gas-tubing  by  my  assistant.  The  flame  is  18  inches  long, 
and  smokes  copiously.  I  sound  the  whistle;  the  flame  falls  to  a 
height  of  9  inches,  tho  smoke  disappears,  and  the  brilliancy  of  the 
flame  is  augmented.* 


*  Mr.  Barrett  also  observed  tho  increase  of  light  on  the  shortening  of  a  flame 
by  a  musical  sound ;  nor  did  the  superior  effect  of  high  notes  escape  the  attention 
of  this  acute  and  skilful  young  experimenter. 
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Here  are  two  other  flames,  also  issuing  from  burners  formed  by 
my  assistant.  The  one  of  them  is  long,  straight,  and  smoky ; 
the  other  is  short,  forked,  and  brilliant.  I  sound  the  whistle ;  the 
long  flame  becomes  short,  forked,  and  brilliant;  the  forked  flame 
becomes  long  and  smoky.  As  regards,  therefore,  their  response  to 
the  sonorous  waves,  the  one  of  these  flames  is  the  exact  complement 
of  the  other. 

Here  are  various  flat  flames,  ten  inches  high,  and  about  three 
inches  across  at  their  widest  part.  They  are  purposely  made  forked 
flames.  When  the  whistle  sounds,  the  plane  of  each  flame  turns 
ninety  degrees  round,  and  continues  in  its  new  position  as  long  as  the 
whistle  continues  to  sound. 

Here  again  is  a  flame  of  admirable  steadiness  and  brilliancy, 
issuing  from  a  single  circular  orifice  in  a  common  iron  nipple.  I 
whistle,  clap  my  hand,  strike  the  anvil,  and  produce  other  sounds :  the 
flame  is  perfectly  steady.  Observe  the  gradual  change  from  this 
apathy  to  sensitiveness.  The  flame  is  now  4  inches  high.  I  make 
its  height  6  inches ;  it  is  still  indifferent.  I  make  it  10  inches ;  a 
barely  perceptible  quiver  responds  to  the  whistle.  I  make  it  14 
inches  high,  and  now  it  jumps  briskly  the  moment  the  anvil  is 
tapped  or  the  whistle  sounded.  I  augment  the  pressure ;  the  flame 
is  now  16  inches  long,  and  you  observe  a  quivering  which 
announces  that  the  flame  is  near  roaring.  I  increase  the  pressure ; 
it  now  roars,  and  shortens  at  the  same  time  to  a  height  of  8  inches. 
I  diminish  the  pressure  a  little ;  the  flame  is  again  16  inches  long, 
but  it  is  on  the  point  of  roaring.  It  stands  as  it  were  on  the  brink 
of  a  precipice.  The  whistle  pushes  it  over.  Observe  it  shortens  when 
the  whistle  sounds,  exactly  as  it  did  when  the  pressure  was  in  excess. 
The  sonorous  pulses,  in  fact,  furnish  the  supplement  of  energy  neces- 
sary to  produce  the  roar  and  shorten  the  flame.  This  is  the  simple 
philosophy  of  all  these  sensitive  flames. 

The  pitch  of  the  note  chosen  to  push  the  flame  over  the  brink 
is  not  a  matter  of  indifference.  I  have  here  a  tuning-fork  which 
vibrates  256  times  in  a  second,  emitting  a  clear  and  forcible  note. 
It  has  no  effect  upon  this  flame.  Here  are  three  other  forks,  vibrating 
respectively  320,  384,  and  512  times  in  a  second.  Not  one  of  them 
produces  the  slightest  impression  upon  the  flame.  But,  besides  their 
fundamental  tones,  these  forks  can  be  caused  to  sound  a  series  of 
overtones  of  very  high  pitch.  I  sound  this  series  of  tones :  the 
vibrations  are  now  1,600,  2,000,  2,400,  and  3,200  per  second  respec- 
tively. The  flame  jumps  in  response  to  each  of  these  sounds ;  the 
response  to  the  highest  tone  of  the  series  being  the  most  prompt  and 
energetic  of  all. 

To  the  tap  of  a  hammer  upon  a  board  the  flame  responds  ;  but  to 
the  tap  of  the  same  hammer  upon  an  anvil  the  response  is  much  more 
brisk  and  animated.  The  reason  is,  that  the  clang  of  the  anvil  is  rich 
in  the  higher  tones  to  which  the  flame  is  most  sensitive. 

Here  again  is  an  inverted  bell,  which  I  cause  to  sound  by  means  of 
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a  fiddle-bow,  producing  a  powerful  tone.  The  flame  is  unmoved.  I 
bring  a  halfpenny  into  contact  with  the  surface  of  the  bell :  the  conse- 
quent rattle  contains  the  high  notes  to  which  the  flame  is  sensitive. 
It  instantly  shortens,  flutters,  and  roars  when  the  coin  touches  the 
bell. 

Here  is  another  flame,  20  inches  long.  I  take  this  fiddle  in  my 
hand,  and  pass  a  bow  over  the  three  strings  which  emit  the  deepest 
notes.  There  is  no  response  on  the  part  of  the  flame.  I  sound  the 
highest  string :  the  jet  instantly  squats  down  to  a  tumultuous  bushy 
flame,  8  inches  long.  I  have  here  a  small  bell,  the  hammer  of  which 
is  caused  to  descend  by  clock-work.  I  hold  it  at  a  distance  of  20  yards 
from  the  flame.  The  strokes  follow  each  other  in  rhythmic  succession, 
and  at  every  stroke  the  flame  falls  from  a  height  of  20  to  a  height  of 
8  inches. 

The  rapidity  with  which  sound  is  propagated  through  air  is  well 
illustrated  by  these  experiments.  There  is  no  sensible  interval  between 
the  stroke  of  the  bell  and  the  shortening  of  the  flame. 

Some  of  these  flames  are  of  marvellous  sensibility ;  one  such  is 
at  present  burning  before  you.  It  is  nearly  20  inches  long ;  but  the 
slightest  tap  on  a  distant  anvil  knocks  it  down  to  8.  I  shake  this 
bunch  of  keys  or  these  few  copper  coins  in  my  hand :  the  flame 
responds  to  every  tinkle.  I  may  stand  at  a  distance  of  20  yards 
from  this  flame  :  the  dropping  of  a  sixpence  from  a  height  of  a  couple 
of  inches  into  a  hand  already  containing  coin,  knocks  the  flame  down. 
I  cannot  walk  across  the  floor  without  affecting  the  flame.  The 
creaking  of  my  boots  sets  it  in  violent  commotion.  The  crumpling 
of  a  bit  of  paper,  or  the  rustle  of  a  silk  dress,  does  the  same.  It  is 
startled  by  the  plashing  of  a  raindrop.  I  speak  to  the  flame,  repeating 
a  few  lines  of  poetry;  the  flame  jumps  at  intervals,  apparently 
picking  certain  sounds  from  my  utterance  to  which  it  can  respond, 
while  it  is  unaffected  by  others. 

In  our  experiments  downstairs  we  have  called  this  the  vowel  flame, 
because  the  different  vowel-sounds  affect  it  differently.  Vowel-sounds 
of  the  same  pitch  are  known  to  be  readily  distinguishable.  Their 
qualities  or  clang-tints  are  different,  though  they  have  a  common 
fundamental  tone.  They  differ  from  each  other  through  the  admixture 
of  higher  tones  with  the  fundamental.  It  is  the  presence  of  these 
higher  tones  in  different  proportions  that  characterizes  the  vowel 
sounds ;  and  it  is  to  these  same  tones,  and  not  to  the  fundamental 
one,  that  our  flame  is  sensitive.  I  utter  a  loud  and  sonorous  U,  the 
flame  remains  steady ;  I  change  the  sound  to  O,  the  flame  quivers ; 
I  sound  E,  and  now  the  flame  is  affected  strongly.  I  utter  the 
words  boot,  boat,  and  beat  in  succession.  To  the  first  there  is  no 
response;  to  the  second,  the  flame  starts;  but  by  the  third  it 
is  thrown  into  violent  commotion;  the  sound  Ah!  is  still  more 
powerful.  When  the  vowel  sounds  are  analysed  their  constituents 
are  found  to  vary  in  accordance  with  the  foregoing  experiments; 
those  characterized  by  the  sharpest  overtones  being  the  most  powerful 
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excitants  of  the  flame.     (See  Helmholtz  in  Pogg.  Annalen,  vol  cviii. 
p.  286.) 

The  flame  is  peculiarly  sensitive  to  the  utterance  of  the  letter  S.  If 
the  most  distant  person  in  the  room  were  to  favour  me  with  a  "  hiss," 
the  flame  would  be  instantly  shivered  into  tumult.  The  utterance  of 
the  word  "  hush,"  or  "  puss,"  produces  the  same  effect.  This  hissing 
sound  contains  the  precise  elements  that  most  forcibly  affect  the 
flame.  The  gas  issues  from  its  burner  with  a  hiss,  and  an  external 
sound  of  this  character  added  to  that  of  a  gas-jet  already  on  the 
point  of  roaring  is  equivalent  to  an  augmentation  of  pressure  on  the 
issuing  stream  of  gas.  I  hold  in  my  hand  a  metal  box  containing 
compressed  air.  I  turn  the  oock  for  a  moment  so  as  to  allow  a 
puff  to  escape :  the  flame  instantly  ducks  down ;  not  by  any  transfer 
of  air  from  the  box  to  the  flame,  for  I  stand  at  a  distance  which 
utterly  excludes  this  idea;  it  is  the  sound  of  the  issuing  air  that 
affects  the  flame.  The  hiss  produced  in  one  orifice  precipitates  the 
tumult  at  the  other.* 

Finally,  I  place  this  musical  box  on  the  table,  and  permit  it  to  play. 
The  flame  responds  like  a  sentient  creature,  curtseying  to  the  notes  to 
which  it  is  sensitive. 

[J.  T.] 


WEEKLY    EVENING    MEETING, 
Friday,  January  25,  1867. 

Sir  Henry  Holland,   Bart.  M.D.   D.C.L.  F.R.S.  President, 

in  the  Chair. 

William  Odling,  M.B.  F.R.S. 

On  Mr.  Graham' 8  Recent  Discoveries  on  the  Diffusion  of  Gases. 

I. 

When  atmospheric  air  is  separated  from  a  vacuous  or  partially  vacuous 
space  by  a  septum,  partition,  or  bag  of  india-rubber,  some  air  passes 
through  the  septum  into  the  originally  vacuous  space. 

This   space  may  be  conveniently  maintained  vacuous,  and   any 

*  Those  who  wish  to  repeat  these  experiments  would  do  well  to  bear  in  mind, 
as  an  essential  condition  of  complete  success,  that  a  free  way  should  be  open  for 
the  transmission  of  the  vibrations  from  the  flame  backwards,  through  the  gaspipo 
which  feeds  it.  The  orifices  of  the  stopcocks  near  the  flame  ought  to  be  as  wide 
as  possible. 
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air  passing  into  it  be  simultaneously  withdrawn  and  delivered  for 
examination,  by  means  of  Sprengel's  exhauster. 

Whereas  atmospheric  air  consists  of  about  21  per  cent,  of  oxygen 
and  79  per  cent,  of  nitrogen,  the  air  transmitted  through  india-rubber 
into  a  vacuous  space  is  found  to  contain  about  40  per  cent,  of  oxygen 
and  60  per  cent,  of  nitrogen,  and  to  have  the  property  of  re-inflaming 
a  glowing  splinter. 

A  transmission,  therefore,  takes  place  through  the  rubber  septum 
of  both  constituents  of  the  atmosphere,  but  there  is  a  greater  propor- 
tionate transmission  of  its  oxygen  than  of  its  nitrogen. 

Single  or  unmixed  gases,  similarly  separated  from  a  vacuous  space 
by  a  septum  of  india-rubber,  penetrate  the  rubber  and  enter  the 
vacuous  space  with  the  following  relative  velocities : — 

Nitrogen            1 

Marsh-gas 2*15 

Oxygen              2*55 

Hydrogen  .        .        .    '     .  5-50 

Carbonic  acid 1358 

From  these  velocities  the  observed  passage  of  mixed  oxygen  and 
nitrogen  gases  through  india-rubber  is  deducible  by  calculation ;  and 
conversely,  the  separate  velocities  of  oxygen  and  nitrogen  are  deducible 
from  the  transmission-results  obtained  with  atmospheric  air : — 

Oxygen        21     x     255  =  53'55        .  .        40*4 

Nitrogen      79     X     1  =  790  .  596 

132-55  1000 

The  constituent  gases  of  atmospheric  air  not  only  pass  through  an 
india-rubber  septum  into  a  vacuous  space,  but  also  into  a  space 
containing  some  other  gas,  such  as  hydrogen  or  carbonic  acid,  and 
at  the  relative  velocities  with  which  they  enter  a  vacuous  space ;  but 
the  conditions  of  the  experiment  then  become  more  complicated. 

In  the  case  of  an  india-rubber  balloon  filled  with  carbonic  acid,  for 
instance,  not  only  are  atmospheric  oxygen  and  nitrogen  gases  con- 
tinually entering  the  balloon,  but  carbonic  acid  gas  is  continually  and 
very  rapidly  escaping  from  it. 

Throughout  the  vacuum  experiment,  the  conditions  remain  constant, 
the  hyperoxygenized  air  being  withdrawn  as  fast  as  transmitted ;  but 
in  the  balloon  experiment,  the  oxygen  is  gradually  accumulating  within 
the  balloon,  whereby  the  conditions  are  constantly  varying. 

Eventually,  by  the  rapid  escape  of  carbonic  acid,  the  proportion  or 
pressure  of  oxygen  in  the  internal  mixture  comes  to  exceed  that  in  the 
external  air ;  whereupon  a  reverse  transmission  through  the  balloon, 
of  the  excess  of  oxygen  into  the  external  air,  at  once  begins. 


V 


II. 


When  ordinary  coal  gas  is  separated  from  a  vacuous  space  by 
a  septum,  partition,  or  tube  of  platinum,  some  gas  passes  through  the 
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platinum  septum  into  the  originally  vacuous  space,  as  soon  as,  but 
not  until,  the  metal  is  raised  to  the  temperature  of  vignition. 

Whereas  coal-gas  is  a  variable  mixture  of  marsh-gas  and  hydrogen 
with  several  other  gases  and  vapours,  containing  on  the  average  about 
45  per  cent  of  marsh-gas  and  40  per  cent,  of  hydrogen,  the  gas 
transmitted  through  ignited  platinum  is  found  to  consist  exclusively 
of  hydrogen. 

A  transmission  therefore  of  only  one,  and  that  not  the  most 
abundant  of  the  many  constituents  of  coal-gas,  takes  place  into  the 
originally  vacuous  space  through  a  septum  of  ignited  platinum. 

So  that  while  the  nitrogen  of  the  air  is  transmitted  through  a 
septum  of  india-rubber  in  a  much  smaller  ratio  than  its  oxygen,  the 
other  constituents  of  coal-gas  are  transmitted  through  a  septum  of 
ignited  platinum  in  an  infinitely  smaller  ratio  than  is  its  hydrogen. 

Experimenting  with  single  or  unmixed  gases,  the  quantity  of 
hydrogen  transmitted  through  a  septum  of  ignited  platinum  into  a 
vacuous  space  amounted  to  over  100  cubic  centimetres  in  half-an-hour ; 
whereas,  under  the  same  conditions,  the  quantity  transmitted  of 
oxygen,  nitrogen,  marsh-gas,  carbonic  acid,  and  some  other  gases,  did 
not  amount  to  •  01  cubic  centimetre  in  half-an-hour. 

Further,  the  transmission  of  hydrogen  through  a  septum  of  ignited 
platinum,  as  of  various  gases  through  a  septum  of  india-rubber,  takes 
place  into  a  volume  of  some  other  gas  as  well  as  into  a  vacuum,  but 
with  a  similar  complication  of  results. 

What  is  the  nature  of  these  transmissions  of  gas  through  india- 
rubber  and  ignited  platinum  respectively?  Are  the  phenomena  in 
the  two  cases  similar  or  dissimilar  to  each  other;  and  with  what 
class  of  actions  are  they  one  or  both  associated  ? 

in. 

By  a  sufficient  degree  of  pressure,  gases  may  be  forced  through 
the  minute  channels  of  a  porous  septum ;  or,  in  other  words,  may 
pass  through  such  a  septum  by  transpiration. 

But  transpiration  takes  place  only  through  obvious  channels  or 
pores,  from  which  india-rubber  and  platinum  are  entirely  free. 

Again,  transpiration  through  a  porous  septum  takes  place  only  in 
the  direction  of  the  preponderating  total  pressure;  but  the  trans- 
mission of  gas  through  india-rubber  and  ignited  platinum,  from  one 
gaseous  space  into  another,  can  take  place  in  the  opposite  direction  to 
that  of  the  total  pressure,  and  in  both  directions  at  the  same  time,  by 
a  sort  of  interchange  of  gases  through  the  septum. 

Moreover,  the  composition  of  a  mixed  gas,  such  as  atmospheric 
air  or  coal-gas,  is  not  altered  by  mere  transpiration ;  whereas  the 
composition  of  these  mixed  gases  is  greatly  altered  by  their  trans- 
missions through  india-rubber  and  ignited  platinum  respectively. 

Lastly,  every  gas  and  every  mixture  of  gases  has  its  own  special 
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velocity  of  transpiration,  irrelative  to  any  other  property  of  the  gas, 
and  irreducible  to  any  general  law.  These  rates  are  altogether 
different  from  the  observed  rates  of  transmission  of  the  same  gases 
through  india-rubber  and  ignited  platinum,  thus  : — 

Oxygen 1*00 

Nitrogen *87 

Carbonic  acid *  73 

Marsh-gas °55 

Hydrogen '44 

From  these  differences  in  the  character  of  the  phenomena,  as  well 
as  from  another  important  difference  hereafter  to  be  mentioned,  it  is 
clear  that  the  transmission  of  various  gases  through  india-rubber,  and 
of  hydrogen  through  platinum,  is  not  due  to  transpiration. 

IV. 

As  the  channels  of  a  porous  septum  become  more  and  more 
minute,  their  resistance  to  the  bodily  transmission  of  gas  becomes 
greater  and  greater,  and  the  quantity  of  gas  forced  through  them  less 
and  less,  until  at  length  the  septum  becomes  absolutely  impermeable 
to  transpiration,  under  the  particular  pressure. 

But  such  a  septum,  of  which  the  individual  capillary  channels  are 
so  small  as  to  offer  a  greater  resistance,  or  friction,  to  the  passage  of  gas 
through  them  than  the  available  pressure  can  overcome,  may  neverthe- 
less present  a  considerable  aggregate  of  interspace,  through  which  the 
proper  diffusive  movement  of  gases,  due  to  their  innate  molecular 
mobility,  may  take  place  freely. 

When  any  volume  of  gas  is  allowed  access  to  a  vacuous  space,  or  to 
an  additional  gaseous  space,  it  gradually  diffuses  itself  throughout  the 
space  afforded  it,  at  a  rate  inversely  proportionate  for  each  gas  to  the 
square  root  of  its  specific  gravity. 

In  so  far  as  the  aggregate  area  of  interspace  available  for  diffusion 
is  greatly  diminished,  by  the  introduction  of  a  porous  non-transpiring 
septum  between  the  diffusing  gas  and  the  additional  space  afforded  it, 
so  is  the  amount  of  diffusion  within  a  given  time  proportionably 
diminished ;  but  in  no  other  respect  does  the  septum  appear  to  take 
any  part  in  the  action ;  it  neither  promotes  nor  retards  the  diffusion, 
but  simply  allows  it  to  take  place  in  proportion  to  the  aggregate  area 
of  the  interspace  which  it  affords. 

The  experimental  determination  by  means  of  Bunsen's  diffusiono- 
meter  of  the  relative  diffusion-velocities  of  different  gases  through  a 
thin  plate  of  compressed  graphite — a  septum  without  obvious  pores  and 
quite  impermeable  to  transpiration — has  given  numbers  which  are 
almost  identical  with  the  reciprocals  of  the  square  roots  of  the 
specific  gravities  of  the  several  gases  : — 

Hydrogen 3«80 

Marsh-gas 1*34 

Nitrogen 1*01 

Oxygen «95 

Carbonic  acid *81 
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Interdiffusion  of  different  gases  takes  place  in  proportion  to  their 
respective  diffusion-velocities.  Thus  with  air  and  hydrogen  separated 
from  each  other  by  a  graphite  septum,  for  every  1  volume  of  air  which 
passes  into  the  hydrogen-space,  3  *  8  volumes  of  hydrogen  pass  into  the 
air-space. 

Mixed  gases  also  diffuse  away  from  one  another  according  to  their 
respective  diffusion- velocities.  As  a  result  of  even  the  small  superior 
diffusiveness  of  nitrogen  over  that  of  oxygen,  the  proportion  of  oxygen 
in  atmospheric  air  has  been  increased  from  21  to  24-5  per  cent.,  by 
the  diffusion  of  nitrogen  away  from  it,  during  its  conveyance  through 
several  lengths  of  porous  tobacco-pipe  enclosed  in  a  vacuous  space. 

The  acts  of  gas-diffusion  through  porous  septa  and  of  gas-trans- 
mission through  india-rubber  and  ignited  platinum  resemble  each 
other  in  several  points.  They  both  take  place  through  septa  free 
from  obvious  pores ;  they  both  take  place  as  well  in  the  direction  as 
against  the  direction  of  the  preponderating  pressure,  and  also  in  op- 
posite directions  at  the  same  time  by  a  sort  of  interchange ;  and  they 
both  effect  an  alteration  in  the  composition  of  any  mixed  gas  subjected 
to  their  operations. 

But  they  differ  altogether  from  one  another  in  the  relative 
velocities  with  which  the  gas-movements  in  each  case  are  effected — 
the  transmissions  of  gas  through  india-rubber  and  ignited  platinum 
being  at  special  rates,  while  the  diffusions  of  gas  through  porous 
septa  are  inversely  as  the  square  roots  of  the  specific  gravities  of  the 
particular  gases. 

Thus  the  specific  gravity  of  nitrogen  being  somewhat  less  than 
that  of  oxygon,  its  rate  of  diffusion  is  accordingly  somewhat  higher, 
in  the  proportion  of  101  to  95.  Hence,  if  the  passage  of  air  through 
the  rubber  septum  were  due  to  diffusion,  the  transmitted  air  should 
be  rather  richer  in  nitrogen  and  poorer  in  oxygen  than  the  original 
air;  whereas  the  transmitted  air  is  actually  found  to  be  very  much 
richer  in  oxygen  and  poorer  in  nitrogen  than  the  original  air. 

Again,  hydrogen  having  a  far  lower  specific  gravity  than  marsh- 
gas,  its  diffusion  rate  is  very  much  higher,  in  the  ratio  of  380  to  134. 
Hence,  taking  the  proportion  of  marsh-gas  to  hydrogen  in  coal-gas, 
as  1  to  1,  and  it  is  usually  rather  greater,  if  the  passage  of  coal-gas 
through  ignited  platinum  were  due  to  diffusion,  for  every  380  volumes 
of  hydrogen  transmitted  there  should  be  134  volumes  of  marsh-gas : 
but  in  reality  no  marsh-gas  whatever  is  transmitted ;  so  that  neither 
with  the  rubber  septum  nor  with  the  platinum  septum  are  the  results 
duo  to  diffusion. 

It  is  rare  to  have  phenomena  of  diffusion  undisturbed  by 
phenomena  of  transpiration,  or  phenomena  of  transpiration  un- 
disturbed by  phenomena  of  diffusion ;  but  since  the  alteration  in 
the  composition  of  a  mixed  gas  by  its  passage  through  a  trans- 
piring-diffusing  septum  is  effected  solely  by  diffusion,  the  results 
obtained  with  the  rubber  and  platinum  septa  are  not  due  to  joint 
transpiration-diffusion. 
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V. 

A  septum  may  be  quite  free  from  pores  of  any  kind  or  degree 
of  minuteness,  and  so  far  be  absolutely  impermeable  to  tbe  passage 
of  gas  through  it  in  the  form  of  gas,  but  may  nevertheless  permit  a 
considerable  transmission  of  certain  gases  by  their  prior  solution  or 
liquefaction  in  the  substance  of  the  septum. 

The  merest  film  of  water,  as  of  a  soap-bubble  for  instance,  is  quite 
impermeable  to  gas  as  gas;  but  allows  the  ready  transmission  of  a 
soluble  gas,  such  as  ammonia,  through  it,  by  reason  of  a  prior 
solution  or  liquefaction  of  the  ammonia  in  the  film  of  water. 

The  film  of  water  may  be  replaced  by  a  moist  membrane  of  any 
degree  of  thinness  or  thickness,  with  a  similar  result. 

In  this  case  the  phenomenon  consists  in  a  solution  of  the  gas  in 
the  moist  material  of  the  septum — in  a  diffusion  of  the  liquefied  gas 
as  a  liquid  through  the  thickness  of  the  septum — in  an  evaporation 
of  the  liquefied  gas  from  the  remote  surface  of  the  septum — and  lastly, 
in  a  diffusion  of  the  evaporated  gas  into  the  adjoining  space. 

Of  the  many  circumstances  affecting  the  final  result,  the  influence 
of  the  solubility  of  the  gas  in  the  liquid  of  the  septum  would  so  far 
predominate  over  all  other  influences  as  to  allow  of  their  being  left 
out  of  consideration.  Whence  it  may  be  affirmed  that  the  transmission 
of  any  gas  through  a  film  of  liquid,  or  a  moist  septum,  will  be  found 
proportionate  to  the  solubility  of  the  gas  in  the  liquid. 

But  gases  are  absorbable  not  only  by  liquids,  but  also  by  certain 
solids,  and  especially  by  charcoal. 

The  gases  absorbed  by  charcoal  are  probably  liquefied  in  the 
charcoal ;  at  any  rate,  the  more  absorbable  of  them  occupy  a  bulk 
considerably  less  than  if  reduced  to  the  liquid  state  by  pressure. 

All  charcoal  is  more  or  less  porous ;  but  its  absorption  of  gases 
is  not  proportionate  to,  or  a  mere  physical  effect  of,  its  porosity ;  since 
other  similarly  porous  substances  do  not  manifest  the  same  absorptive 
power  ;  and  since  the  absorbability  by  charcoal  of  any  gas  is  as  special 
a  property  of  that  gas  as  is  its  solubility  in  water,  or  alcohol. 

The  transmission  of  an  absorbable  gas  through  a  septum  of 
compact  charcoal,  such  as  the  cocoa-nut  charcoal  used  by  Mr.  Hunter 
of  Belfast,  which  absorbs  about  -&  of  its  volume  of  mercury,  and 
111  times  its  volume  of  ammonia,  would  take  place  in  two  ways. 

A  portion  of  the  gas  would  pass  through  the  fine  pores  of  the 
charcoal  as  gas,  by  diffusion,  at  a  rate  inversely  proportionate  to  the 
square  root  of  its  specific  gravity;  while  another  portion  would 
become  liquefied  in  the  charcoal  by  capillary  condensation,  pass 
through  the  oharcoal  as  a  liquid,  and  evaporate  from  the  other  side, 
just  as  would  a  gas  liquefied  by  solution  in  a  moist  membrane  ;  and 
it  is  conceivable  that,  in  some  compact  forms  of  charcoal,  the  trans- 
mission of  gas  by  gaseous  diffusion  might  be  inappreciable  as 
compared  with  its  transmission  by  liquefaction  and  evaporation. 
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VI. 

Whereas  the  mere  passage  of  gas  through  a  transpiring  or  dif- 
fusing septum  takes  place  in  thorough  independence  of  the  nature 
of  the  material  of  the  septum,  in  these  last  considered  actions  the 
transmission  takes  place  by  virtue  of  a  sort  of  chemical  affinity  between 
the  gas  and  the  material  of  the  septum — the  selective  absorption  of  the 
gas  by  the  septum  being  a  necessary  antecedent  of  its  transmission ; 
whence  it  may  be  said  that  the  gas  is  transmitted  because  it  is  first 
absorbed. 

Is,  then,  the  transmission  of  oxygen,  &c.,  through  india-rubber,  and 
of  hydrogen  through  ignited  platinum,  effected  by  a  process,  at  all  allied 
to  that  of  gas-liquefaction  by  solution  or  capillary  condensation  ? 

TJiat  septa  of  india-rubber  and  platinum  differ  from  merely 
diffusive  and  transpiring  septa,  in  effecting  or  allowing  a  selective 
transmission  of  certain  gases  through  them,  is  evident ;  but  do  they 
first  exert  a  selective  or,  in  other  words,  a  chemical  absorption  of  these 
particular  gases  ? 

Experiment  answers  that  they  do ;  oxygen  proving  to  be  more 
than  twice  as  absorbable  by  india-rubber  as  by  water,  and  hydrogen 
proving  to  be  fully  three  times  as  absorbable  by  wrought-platinum  as 
by  charcoal. 

The  statements  of  fact  and  interpretation  contained  in  this  abstract 
are  based  upon  the  investigations  of  Mr.  Graham,  spread  over  a  long 
period  of  years ;  and  especially  upon  the  investigations  described  in 
his  more  recent  memoirs  ' On  the  Molecular  Mobility  of  Gases '  (Phil. 
Trans.,  1863),  and  *  On  the  Absorption  and  Dialytic  Separation  of 
Gases  by  Colloid  Septa'  (Phil.  Trans.,  1866). 

[W.  0.] 
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Friday,  February  1,  1867. 

Sir  Hjenby  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  chair. 

J.  Scott  Bussell,  Esq.  F.B.S. 
On  the  Crystal  Palace  Fire. 

Mr.  Bussell  commenced  by  stating  that  ho  appeared  as  a  substi- 
tute for  Professor  Max  Muller,  and  that  he  had  much  pleasure  in 
undertaking  the  task  which  had  been  imposed  upon  him.  As  one 
of  the  first  of  those  officially  connected  with  the  Exhibition  of  All 
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Nations,  in  Ilydo  Park,  he,  and  tho  other  promoters  of  it,  regarded 
the  Crystal  Palace  as  an  institution ; — as  one  of  a  scries  of  efforts 
which  had  long  been  in  progress  for  the  purpose  of  advancing  the 
educatiou  of  the  English  people,  and  mora  especially  the  large  mass 
of  peoplo  concentrated  in  the  metropolis;  as  un  institution  for  edu- 
cating the  multitude  by  their  eyes ; — for  cultivating  their  tastes  by 
means  of  the  best  works  of  the  greatest  men  of  all  times,  and  for  sub- 
stituting pure  and  refined  pleasures  for  the  coarse  and  somewhat  vulgar 
recreations  which  too  often  filled  up  the  leisure  hours  of  crowded 
masses  of  men.  Regarding  the  Crystal  Palace  in  that  light,  his 
audience,  like  himself,  would  take  a  deep  and  painful  interest  in  tba 
caUstrophe  which  had  overtaken  one  of  tho  moat  interesting  portions 
of  the  building. 

He  proposed  to  divide  his  remarks  into  three  divisions:  first,  to 
consider  tho  structural  and  mechanical  character  of  the  building,  its 
stability  and  power  of  resistance  to  mechanical  force  and  to  fire ; 
secondly,  to  consider  tho  fire  itself ;  and  thirdly,  to  consider  what  m  as 
best  to  be  done  for  its  restoration. 

With  regard  to  the  building  itself,  it  might  bo  Bnperfl lions  to  say 
much.  They  knew  its  splendid  site  on  Sydenham  hill,  and  tho  general 
beauty  of  its  aspect,  but  there  were  i*cculi antics  in  its  structure  not 
generally  understood,  which  affected  the  relations  of  the  fire  to  the 
palace.  They  would  lymemher  that  the  Crystal  Palace  was  the  infant 
of  tho  original  building  in  Hyde  Park,— that  fairy  palace  more  won- 
derful than  their  dreams  had  been, — which  first  burst  upon  their  view 
on  tho  memorable  1st  of  May,  1851, — that  building  which  itself  was 
said  to  be  tho  most  beautiful  thing  in  the  Inhibition.  That  1st  of  May 
conld  nover  bo  forgotten,  when  All  Nations  first  met  together  ii 
friendly  rivalry.  One  whose  nnmo  they  would  all  remember  wit] 
respect  and  gratitiido,  tho  late  Chevalier  JJnnsen,  on  that  day  and  ii 
that  palace,  threw  his  arms  around  tho  neck  of  one  of  his  country- 
men, and  exclaimed, — alas  !  too  prematurely,  "  Tiiat  happy  period  we 
have  all  longed  for  of  universal  peace  has  at  last  arrived,"  For  the 
purposes  of  the  present  diwourso,  it  was  necessary  ta  describe  how  that 
beautiful  building  was  made  strong,  durable,  ami  rohitively  fireproof. 
It  was  tho  invention  of  Sir  Joseph  Pulton,  whose  experiments  at 
Cliiitswitrth  induced  him  to  submit  to  tho  ltoyal  Commissioners  tho 
plan  of  this  great  and  beautiful  glasshouse.  It  had  happened  to  bo 
his,  Mr.  Russell's,  duty  to  take  Sir  Joseph  Paxtou's  designs  to  His 
Royal  Highness  tho  late  Prince  Consort,  and  tho  result  was  that  tho 
Commissioners  were  iinlueed  to  furvgo  their  accepted  brick  and  mortar 
plan,  and  to  adopt  that  of  Sir  Joseph  Paiton.  That  building,  however 
(drawings  of  which  were  before  the  meeting),  could  hardly  bo  recog- 
nized as  the  presont  Crystal  Palace,  so  much  had  its  exterior  been 
changed  by  progressive  improvements  in  the  design.  Tho  design,  as 
at  first  submitted,  was  of  the  simplest  form  ;  the  roof  being  fiat  from 
end  to  end.  When  the  drawings  were  submitted  to  the  Building  Com- 
mittee by  Messrs.  Fox  and  Henderson,  who  h;td  worked  out  Sir  Joseph 
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Paxton's  design,  they  were  required  to  add  a  transept  to  be  in  confor- 
mity with  the  plan  of  the  Building  Committee,  which  had  a  transept. 

There  were  a  number  of  trees  on  the  site  of  the  building,  and  it 
had  been  intended  to  cut  openings  in  the  roof  for  the  trees  to  grow 
through,  and  the  next  suggestion  was  that  the  proposed  transept  should 
be  placed  over  the  trees  ;  then  it  was  found  that  the  trees  were  taller 
than  the  transept.  In  this  fix,  Mr.  Henderson  said,  "  Happy  thought. 
Take  the  circular  roof  of  the  Great  Conservatory  at  Chatsworth,  and 
put  it  upon  the  transept  instead  of  a  flat  roof."  u  Happy  thought,*' 
indeed !  A  happier  thought  still  was  that  of  Sir  Charles  Barry,  to 
continue  the  arched  roof  along  the  whole  length  of  the  building,  and 
thus  to  complete  an  entirely  new  style  of  edifice  in  glass  and  iron. 
Time,  however,  was  wanting,  and  the  first  building  went  without  this 
great  crowning  feature.  The  elevation  of  the  building  derived  great 
advantage  from  the  suggestion  of  Sir  Charles  Barry,  who  suggested 
the  horizontal  panels  or  string  courses  with  circular  openings  in  each, 
above  and  between  the  ranges  of  windows.  Mr.  Scott  Russell  illus- 
trated this  portion  of  his  discourse  by  some  interesting  models  and 
drawings. 

He  next  proceeded  to  explain,  with  the  assistance  of  drawings  and 
diagrams,  the  peculiar  arrangements  which  constituted  the  strength 
and  stability  of  a  building  so  apparently  fragile,  and  to  render  it  a 
marvellous  combination  of  lightness  with  elegance  and  strength. 
Supported  by  columns  only  eight  inches  in  diameter,  the  strength 
of  the  structure  consisted  in  the  two  qualities  of  accumulation  and 
rigidity.  Arranged  in  sets  of  four,  these  columns,  which  might  in 
that  position  be  compared  to  the  legs  of  a  table,  were  firmly  braced 
and  united  together  by  cross-girders  of  triangular  pattern,  which  acted 
as  the  top  of  the  table  to  its  legs,  and  hence  the  quality  of  rigidity 
and  strength.  Each  of  these  sets  of  four  columns  and  girders  was 
firmly  connected  with  a  second  set,  so  that  it  was  impossible  to  upset 
one  of  these  tables  without  upsetting  the  second;  the  second  was 
connected  with  a  third,  and  so  on ;  and  thus,  by  the  principle  of  accu- 
mulation, the  whole  building  was  able  to  resist  any  pressure  that  might 
come  against  the  front  of  it.  Hence,  the  essential  parts  of  the 
Crystal  Palace  had  never  suffered,  as  it  had  been  predicted  it  would, 
from  any  of  the  violent  storms  of  wind  to  which  it  had  been  exposed ; 
and  the  merit  of  this  admirable  arrangement  of  mechanical  powers 
rested  between  Sir  Charles  Ftx  and  Mr.  Henderson.  The  beauty  of 
detail  and  colour  which  gave  grace  and  homogeneity  to  the  interior, 
was  due  to  Mr.  Owen  Jones.  Not  the  least  ingenious  portion  of  the 
design  was  the  construction  of  the  roof  by  the  repetition  of  ridge  and 
furrow  ribs,  in  sections  of  24  feet  long  by  8  feet  wide ;  and  nothing 
but  this  simplicity  could  have  made  it  possible  for  all  these  parts  to 
be  constructed  with  the  greatest  accuracy,  in  different  parts  of  the 
country  simultaneously,  and  the  whole  building  put  together  in  <*uch 
an  incredibly  short  space  of  time. 

How  then  could  such  a  building  as  Mr.  Eussell  had  described  be 
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burnt  ?  In  the  first  place,  such  a  building  would  not  bum  of  itself ; 
secondly,  ifyoji  set  it  on  fire  it  would  not  keep  idigbt;  thirdly,  be 
thought  it  was  pretty  clear  that  the  late  fire  at  the  Crystal  Pnlacc  went 
out  by  itself,  though  some  of  them  took  a  great  deal  of  credit  to  them- 
selves for  trying  to  put  it  out ;  and  fourthly,  it  must  not  be  forgotten  that 
any  building  could  be  burnt  by  putting  suflieieut  combustible  matter  in 
it.  It  was  tjbo  feared  that  there  was  enough  coiiiljii.sttl.ik'  mutter  in  that 
portion  of  the  Palace  which  had  been  destroyed  to  burn  fiercely,  and 
do  great  injury  to  the  building,  hut  he  was  as  satisfied  as  ever  that  the 
building  was  one  of  the  safest  that  could  be  conceived  to  resist  fire. 
With  regard  to  tlto  late  fire,  it  was  very  difficult  to  ascertain  the  actual 
facts,  nor  did  ho  know  that  he  could  distinctly  [trolled,  or  could  put 
into  language  which  might  not  be  misunderstood,  that  which  he  had 
actually  seen  of  it. 

The  fire,  it  would  Ik?  remembered,  occurred  at  the  north  end  of  the 
palace,  in  the  beautiful  Tropical  Department  where  they  used  to  sit 
and  dream  of  bvgene  ages  and  distant  climates,  very  unlike  their  own. 
There  stood  the  wonderful  court  illustrative  of  that  ancient  Nineveh 
which  Layard  did  so  much  to  discover  aud  Ferguson  to  restore,  There 
also  was  the  exquisite  Alhanibru  Court,  which,  as  it  said  itself  in  one 
of  its  inscriptions,  taught  all  men  who  would  gaze  carefully  at  it 
what  were  the  deep  and  hidden  and  mysterious  principles  of  beauty, 
and  how  that  beauty  could  be  created  with  certainty,  and  worked  out 
as  if  with  magical  art,  but  after  all  with  that  true  science  which  was 
the  most  wonderful  of  all  art ; — that  court  which  taught  the  principles 
by  which  not  only  could  AJhambrns  be  made  beautiful,  but  by  which  all 
other  works  of  art  could  be  made  beautiful  to  the  eye,  comely  to  look 
at,  ravishing  to  the  senses.  That  court  was  the  realization  at  the  ideal 
dreams  of  Mr.  Owen  Jones,  whose  first  love  waa  the  Alhambra,  who 
bad  left  his  own  country  and  exiled  himself  there  to  worship  it,  who 
brought  homo  models  and  drawings  of  it,  but  was  unable  to  display  its 
beauties  to  the  British  public  till  the  Crystal  Palace  afforded  him  the 
opportunity  of  reproducing  it.  He  (Mr.  .Sett  liussolll  remembered 
bow  Mr.  Owen  Jones  revelled  in  the  thought  of  doing  so,  when  the 
proposition  was  laid  before  him.  Then  there  was  the  beautiful 
Byzantine  court  of  Mr.  Digby  W'yatt,  who  at  this  point  stood  between 
the  architecture  of  the  ancients  and  that  of  the  modems,  and  repre- 
sented that  extraordinary  jumble  of  the  oriental,  the  antique,  and  the 
renaissance  (in  the  proper,  not  the  architectural  sense),  between  tho 
old  world  and  the  new,  to  show  what  a  remarkable  combination  could 
be  formed  by  men  who  woro  acquainted  with  different  styles  of  archi- 
tecture, but  had  no  time  to  make  one  of  their  own.  That  these 
admirable  works  of  art  should  in  one  brief  afternoon  vanish  from 
their  vision  was  indeed  a  sad  calamity,  fur  the  sake  of  their  pro- 
ducers, and  for  the  public.* 

*  It  Iim  been  siirl  tliot  lliesc  rnurlx  mislit  not  di  If  ticonstractdl,  oa  tile  state 
of  knowledge  nud  riowa  en  which  tl:ev  w.re  originally  made,  Imve  inaleriulij 
changed  ;  bat  nfUr  eoi^ulliug  the  uuthure,  1  find  that  uo  ground  exist    "  " 
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At  two  o'clock  on  the  last  Sunday  of  1866  there  was  no  fire.  At 
five,  or  ten,  or  twenty  minutes  past  two  (overwhelming  evidence  was 
to  be  had  to  each  of  these  as  the  precise  time  of  its  commencement) 
— there  was  fire  in  the  Crystal  Palace.  Where  did  it  come  from  ? 
Ten  minutes  after  two  one  of  the  firemen  saw  a  singular  column  of 
what  he  called  fire,  in  the  building.  It  was  in  fact  gas,  and  consisted 
of  the  products  of  combustible  materials,  heated  into  a  gaseous  state. 
He  immediately  applied  water  by  a  hose,  both  to  this  and  the  opposite 
side  of  the  transept,  but  in  vain.  A  cloud  of  smoke  and  a  volume  of 
flame  rose  to  and  spread  under  the  floor  of  the  gallery,  which  was 
immediately  in  flames,  around  both  the  end  and  side  of  the  Tropical 
Department.  In  the  transept  there  stood  the  Mammoth  tree,  the 
Wellingtonia  Gigantea,  20  feet  in  diameter  and  100  feet  high,  consist- 
ing not  of  wood,  but  of  dry  bark,  ready  to  light  a  fire.  The  moment 
the  gases  spread  from  the  wooden  floor  of  the  palace  to  the  Mammoth 
tree,  that  became  a  huge  chimney,  an  immense  tunnel  full  of  inflamed 
gas.  On  reaching  the  building,  at  twenty  minutes  to  three,  he  (Mr. 
Scott  Russell)  found  the  whole  of  this  transept  in  flames ;  and  within 
ten  minutes  he  saw  that  all  chance  of  saving  it  was  gone.  He  had 
been  burnt  out  three  times.  Ho  had  never  yet  got  the  money  he  had 
insured  for,  and  the  Crystal  Palace  was  unfortunately  in  the  samo  pre- 
dicament ;  for  under  what  was  termed  the  "  average  clause,"  in  the 
policy,  although  insured  for  80,0002.,  the  company  would  probably 
only  recover  one  fourth  or  one  fifth  of  that  amount.*  This  clause  was 
considered  fair  by  the  Insurance  Companies,  and  therefore  there  must 
be  some  justice  in  it;  but  for  his  own  part  he  could  not  see  it. 
Seeing  the  transept  lost,  he,  together  with  many  brave  and  zealous 
volunteers,  set  himself  to  work  to  draw  a  line,  across  which  the 
flames  should  not  pass;  and,  by  applying  water  freely  to  the  part 
beyond  this  mathematical  line,  the  flames  were  stopped.  This  was 
indeed  the  whole  theory  of  stopping  a  fire.  It  was  useless  to  waste 
water  on  anything  which  fire  had  obtained  firm  possession  of.  As  to 
the  commencement  of  the  fire,  the  probability  was  that  a  boiler  in  the 
basement  became  overheated;  it  had  not,  he  understood,  blown  up, 
but  he  believed  that,  it  being  Sunday,  the  stoker  wanted  to  go  to 
church,  and  put  as  much  coal  on  the  furnace  fire  as  he  thought  would 
keep  the  boiler  hot  till  he  returned ;  but  in  doing  so  he  converted  a 
moderate  fire  into  a  splendid  gas  manufactory. 

This  gas  escaped,  and,  undoubtedly,  ascended  in  formidable  quan- 
tities to  the  building,  and  became  ignited,  being  indeed  in  an  excellent 
condition  for  combustion.  This  was  the  origin  of  the  fire,  and  it  was 
a  thing  to  be  guarded  against  in  future.  As  soon  as  the  combustible 
matter  piled  together  in  this  portion  of  the  building  was  consumed, 
the  fire  died  out ;  and,  although  it  was  quite  possible  for  the  palace 
to  have  been  altogether  destroyed  if  there  had  been  less  help  from  the 

*  I  am  happy  to  acknowledge  that,  since  the  date  of  this  discourse,  38,500/.  has 
been  paid  by  the  Insurance  Companies  to  the  Crystal  Palace  Company. 
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parish  engines  and  those  of  the  Fire  Brigade,  he  was  convinced  that 
with  certain  precautions  the  Crystal  Palace,  qud  the  building  itself, 
might  be  regarded  as  fireproof ;  but  not  if  filled  with  highly  com- 
bustible matter. 

Mr.    Scott  Bussell  then  proceeded  to  consider  the  'question  of 
reconstruction. 

In  1851  the  building  in  Hyde  Park  was  about  to  be  swept  off  the 
surface  of  the^  earth.     At  that  crisis  there  came  to  its  aid  some  of  the 
old  and  tried  friends  of  the  Exhibition  of  All  Nations.     Amongst 
them  was  a  gentleman  whose  efforts  were  at  the  present  time  being 
energetically  used  to  restore,  if  possible,  the  Crystal  Palace  to  its 
original  beauty  and  its  original  usefulness.     Mr.  Francis  Fuller  was 
one  of  the  three  original  promoters  of  the  original  Crystal  Palace — 
the  Exhibition  of  1851 — one  of  those  three  who,  under  its  great 
founder,  the  late  Prince  Consort,  first  conceived  the  idea  that  it  would 
be  possible  to  erect  the  Crystal  Palace  in  Hyde  Park ;  and  indeed  it 
was  by  his  enthusiastic  exertions  that  the  necessary  funds  were  origi- 
nally obtained  to  start  the  project,  and  bring  the  first  Crystal  Palace 
into  existence.  The  merit  of  the  first  institution  of  Exhibitions  of  All 
Nations  was  due  to  His  Boyal  Highness  Prince  Albert,  and  although 
princes  were  often  deprived  of  the  credit  due  to  them  by  the  claims 
set  up  by  others,  he  (Mr.  Scott  Bussell),  who  knew  all  the  facts^was  in 
possession  of  time,  date,  and  circumstance,  in  the  Prince  Consort's  own 
handwriting,  to  prove  that  to  him  alone  was  due  the  enunciation  of  this 
great  idea.    .  Under  him  Mr.  Fuller  was  one  of  the  first  who  founded 
and  made  possible  the  Crystal  Palace.    To  Mr.  Fuller  also  the  public 
were  mainly  indebted  for  its  reconstruction  on  Sydenham  hill.      The 
first  idea  of  purchasing  the  building  in  Hyde  Park,  and  re-erecting  it 
at  Sydenham,  originated  between  Mr.  Leech  and  his  partner,  the  late 
Mr.  Farquhar,  of  the  firm  of  Johnston,  Farquhar,  and  Leech.  Next  to 
them  it  was  imparted  to  Mr.  Fuller,  and  next  to  himself;  and  they, 
with  one  or  two  other  gentlemen,  purchased  the  building  accordingly. 
At  Sydenham  the  arched  roof  throughout  the  length   of  the  palace 
was  introduced.     Many  other  improvements  were  made  upon  the 
original  design,  and  the  whole  presented  a  great  combination  of  the 
united  talents  of  Sir  Joseph  Paxton,  Sir  Charles  Barry,  Sir  Charles 
Fox,  Mr.  Henderson,  Mr.  Owen  Jones,  and  Mr.  Digby  Wyatt.     Surely 
such  a  building  ought  not  to  be  allowed  to  go  down.     If  the  company 
were  not  rich  enough  to  do  it, — if  the  Insurance  companies  would  not 
pay  the  full  insurance,  the  public  ought  somehow  to  help  them.    In 
other  countries,  a  great  educational  institution  like  this  would  be 
helped  by  the  government.     In  England,  in  such  a  matter  as  this,  the 
people  were  the   government.    Let   them   therefore  help  both  the 
directors  and  themselves  to  restore  and  maintain  so  grand  a  temple  of 
art,  education,  and  refinement :  for  to  do  so  was  a  matter  affecting  the 
national  reputation.     "  If,"  said  the  speaker,  "  you  will  do  what  I 
have  done  to-night, — say  how  fond  you  are  of  the  Crystal  Palace ; 
tell  everybody  how  much  good  you  think  of  it;  explain  to  them  what 
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a  wonderful  building  it  is,  and  how  admirably  it  is  constructed  to 
stand  and  resist  fire ;  and  say  that  we  shall  have  our  Crystal  Palace 
restored  again,  with  all  its  glorious  features  unimpaired  ;  if  you  will 
do  that,  I  shall  be  almost  glad  that  Professor  Max  Muller  did  not  give 
his  discourse* " 

[J.  S.  B.] 


GENEBAL  MONTHLY  MEETING, 

Monday,  Feb.  4,  1867. 

The  Eabl  Stanhope,  D.C.L.  F.B.S.  Prcs.  Soc  Antiq.  Vice-President, 

in  the  Chair. 

John  Blacker,  Esq. 

Adam  F.  Blandy,  Esq. 

John  Clarke,  M.D. 

William  David,  Esq. 

Bobert  Ward  Jackson,  Esq. 

Edward  Smith,  M.D.  F.B.S. 

Captain  the  Hon.  John  Bobert  Vesey. 

were  elected  Members  of  the  Boyal  Institution. 

John  Augustus  Seymour  Morse  Davies,  Esq. 
was  admitted  a  Member  of  the  Boyal  Institution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
contributions  to  "  the  Donation  Fund  for  the  Promotion  of  Experi- 
mental Researches." 

John  P.  Gassiot,  Esq.  F.B.S.  (4th  Annual  Donation)       .  £20  0  0 

Samuel  Scott,  Esq 5  5  0 

William  Dell.  Eaq 5  5  0 

Edward  H.  Moscrop,  Esq 25  0  0 

Alfred  Davis,  Esq 21  0  0 

The  special  thanks  of  the  Members  were  presented  to  Edmund 
Pepts,  Esq.  M.B.I.  for  his  present  of  the  Portrait  of  his  Father,  the 
late  John  Pepts,  Esq.  for  sixty-six  years  a  Member  of  the  Boyal 
Institution. 

The  following  Arrangements  for  the  Lectures  after  Easter  were 
announced : — 

Professor  Blackie. — Two  Lectures, '  On  Plato.*    On  Tuesdays,  April  80th 
and  May  7  th. 
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Professor  W.  A.  Miller,  Treas.  R.A. — Four  Lectures,  'On  Spectrum 
Analysis,  including  its  application  to  Astronomy.'  On  Tues- 
days, May  14th  to  June  4th. 

Professor  Huxley,  F.R.S. —  Twelve  Lectures,  'On  Ethnology.'  On 
Thursdays  and  Saturdays,  May  2nd  to  June  8th. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

Secretary  of  War  (through  Sir  Henry  James,  F,R.S.) — Comparisons  of  the  Standards 
of  Length  of  England,  France,  &c,  made  at  the  Ordnance  Survey  Office, 
Southampton.    4to.     1866. 
Government  of  New  South  Wales — B.  P.  Whitworth  :  New  South  Wales  Gazetteer. 

8vo.    Sydney,  1866. 
Actuaries,  Institute  of— Journal,  No.  66.    8vo.    1867. 

Architects,  Royal  Institute  of  British — Proceedings,  1867.  Part  L  Nos.  1, 2, 3, 4. 4ta 
Asiatic  Society,  Royal — Journal.    New  Series.  Vol.  II.  Part  2.    8vo.     1866. 
Asiatic  Society  of  Bengal— Journal,  Nos.  133,  135.    8vo.     1866. 
Astronomical  Society,  Royal—  Monthly  Notices,  Vol.  XXVII.   Nos.  1,  2.     8vo. 

1866-7. 
Barlow,  Rev.  John,  M.A.  F.R.S.  MJi.I.— The  Alps  of  HannibaL     By  Wm. 

John  Law.    2  vols.    8vo.    1866. 
Bavarian  Academy  of  Science,  Royal — Sitzungsberichte,  1866.     Band   I.      4. 
Band  II.     1.    8vo. 
Annalen  der  Miinchener  Sternwarte.    V.  Supplementband.    8vo.    1866. 
Beden  von  Justus  von  Liebig  und  H.  Bauernfeind.    4to.    1866. 
Bodde,  D.  Esq.  (the  Author)— Essay  on  the  Use  of  Petroleum.  (L  14)   8vo.    1866. 
Bremen  Naturwissenschaftliche  Vereins — Alhandlungen,  Band  I.   Heft.  1.    8vo. 

18G6. 
Chemical  Society—  Journal  for  Dec  1866,  and  Jan.  1867.    8vo. 
Cialdi,  Alissandro  (the  Author),  through  the  Royal  Society—  Sul  Moto  Ondoso  del 
Mare  e  su  le  Cerrenti  di  esso  specialmente  su  quelle  Littorali.    8vo.    Boma, 
1866. 
Les  Ports-Canaux,  &c.    8vo.    1866. 
Devonshire  Association  for  Advancement  of  Science,  Sfc. — Beport  and  Transactions. 

Part  5.    8vo.    1866. 
Dickson,  E.  W.  D.C.L.  F.R.S.— Reports  of  the  International  Sanitary  Conference 

at  Constantinople.    4 to.    18G6. 
Dublin  Society,  Royal-  Journal,  No.  35.     8vo.     1866. 
Editors — American  Journal  of  Science,  November,  1866.    8vo. 
Artizan  for  Dec.  1866,  Jan.  1867.    4 to. 
Athensum  for  Dec.  1866,  Jan.  1867.    4to. 
British  Journal  of  Photography  for  Dec.  1866,  Jan.  1867.    4to. 
Chemical  News  for  Dec.  1866,  Jan.  1867.    4to. 
Engineer  for  Dec.  1866,  Jan.  1867.    fol. 
Horological  Journal  for  Dec.  1866,  Jan.  1867.    8vo. 
Journal  of  Gas-Lighting  for  Dec.  1866,  Jan.  1867.    4to. 
Mechanics'  Maguzine  for  Dec.  1866,  Jan.  1867.    8vo. 
Pharmaceutical  Journal  for  Deo.  1866,  Jan.  1867. 
Enderby,  Charles,  Esq.  F.R.S.  M.R.I.—Thoa.  Beale :   Natural  History  of  the 

Whale.     16to.     1839. 
Faraday,  Professor,  D.C.L.  F.R.S. — Kais.  Akademie  der  Wissenschaften,  Wien. 
Math.  Nat  Classe :— Denkschriften,  Band  XXV.    4to.    1866. 
Sitzungsberichte.    Abth.  I.  1865.  Nos.  8,  9,  10.    1866.  Nos.  1-6.    Abth.  II. 

1865.  Nos.  9,  10.     1866.  Nos.  1-5.    8vo. 
Almanach,  1866.    16to. 
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Franklin  Institute— Journal,  Nos.  491,  492.    8vo.    1866. 

Geneoe,  Socitttde  Physique,  #c— Memoirea,  Tome  XVIII.   2e  Partie.  4to.   1866. 
Geographical  Society,  Royal — Proceedings,  Vol.  X.     No.  6.     8vo.     1866. 
Geological  Institute,  Royal,  Vienna— Jahrbuch,  Band  XVI.  Nos.  2,  3.  4to.    1866. 
Glasgow  Philosophical  Society — Proceedings,  Vol.  IV.    No.  2.  Vol.  VI.    Nob.  1,  2. 

8vo.     1860-66. 
Haynes,  Stanley  L.  M.D.  (the  Author) — Ramble  in  New  Zealand  Bush.    12mo. 

1866. 
Horticultural  Society,  Royal — Proceedings,  Vol.  I.  No.  6.     8vo. 

Journal,  Vol.  I.  No.  4.     1867.    8vo. 
Ladd,  Mr.  Wm,  (the  Publisher) — Results  of  Spectrum  Analysis  applied  to  the 

Heavenly  Bodies.    By  W.  Huggins.    16to.    1866. 
Linnean  Society — Journal  and  Proceedings :  Zoology,  No.  35.    8vo.     1867. 
Lubbock,   Sir  John,  Bart.  F.R.S.   M.R  I.  (the  Author) — Development  of  the 

Chloeon  (Ephemera)  dimidiatum.    Part  II.    (Linn.  Soc.  Trans.  XXV.) 
Mechanical    Engineers'    Institution,    Birmingham — Proceedings,    August,    1866. 

Part  1.    8vo. 
Photographic  Societu— Journal,  No.  176,  177.    8vo.     1866. 
Royal  Society  of  Edinburgh— Transactions,  Vol.  XXIV.  Part  2.    4to.    1866. 

Proceedings,  No.  68-70.    8vo.     1865-66. 
Royal  Society  of  London — Proceedings,  Nos.  87,  88.     8vo.     1866. 
Saxon  Society  of  Sciences— Abhandlungen,  Band  V.    Two  Parts.    8vo.    1866. 

Berichte.  '  Three  parts.    1865-6.    8vo. 
Scharf,  George,  Esq.  F.S.A.  (the  Author) — Remarks  on  a  Portrait  of  the  Duchess 

of  Milan.    (Archfflologia,  Vol.  XL.) 
Scottish  Society  of  A  rts,  Royal—  Transactions.    Vol.  VTI.  Part  2.    8vo.     1866. 
Statistical  Society  of  London — Journal,  Vol.  XXIX.  Part  \.    8vo.     1866. 
United  Service  Institution,  Royal — Journal,  No.  40.     8vo.     1866. 
Vereins  zur  Be/brderung  des  GewerbsfleUses   in   Preussen — Verhandlungen,  Juli 

und  August,  1866.    4to. 

May  all,  John  J.  E.  Esq. — Portrait  of  Professor  Faraday. 
Pepys,.  Edmund,  Esq. — Portrait  of  John  Pepys,  Esq.  by  Lonsdale. 


WEEKLY  EVENING  MEETING, 

Friday,  February  8,  1867. 

Sir  Henry  Holland,  Bart  M.D.  D.C.L.  F.R.S.  President,  in  the 

Chair. 

The  Rev.   Frederic  W.   Farrar,  M.A.  F.R.S. 
On  some  Defects  in  Public  School  Education. 

When  I  had  the  honour  of  being  invited  to  deliver  a  discourse  before 
the  Royal  Institution,  my  subject  was  at  the  same  time  assigned  to 
me.  Yet  oven  if  this  had  not  been  the  case,  it  would  perhaps  have 
been  unnecessary  to  apologise  for  speaking  to  you  on  a  topic  of  great 
importance,  of  which  I  know  so  much  from  personal  experience.  Al- 
though, therefore,  my  discourse  must  be  of  an  interest  immeasurably 
inferior  to  those  fairy  tales  of  science,  illustrated  by  delicate  and 
wonderful  experiments,  to  which  you  are  accustomed  in  this  place,  it 
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will,  at  least,  be  so  far  scientific  in  its  spirit,  that  it  will  deal  with  no 
facts  which  have  not  been  derived  from  first-hand  observation. 

Thirteen  full  years  of  labour  spent  in  the  heart  of  Public  Schools, 
and  devoted,  to  the  utmost  of  my  poor  ability,  to  their  service,  are  the 
credentials  which  I  offer  to  save  me  from  the  charge  of  presumption  if 
I  deal  with  their  shortcomings.  My  position  differs  widely — nay, 
absolutely — from  that  of  a  rude,  uncompromising,  and  unsympathetic 
assailant.  The  fact  that  I  have  myself  toiled  for  years  at  a  task 
which,  in  many  instances,  has  filled  me  with  the  misgiving  that  it 
would  be  as  barren  of  all  obvious  results  as  if  I  had  ploughed  the 
sand  of  the  sea-shore  and  sown  salt  in  its  furrows,  will  show,  I  trust, 
that  I  am  no  arrogant  critic  with  an  eye  blind  to  every  merit,  but 
keen  as  that  of  an  eagle  to  every  fault.  Honouring  the  body  of 
public  schoolmasters  with  a  sincere  honour, — believing  that,  though 
their  usefulness  is  often  impaired  by  the  trammels  of  an  unprofitable 
routine,  there  may  be  found  among  them  men  of  conscience  the  most 
enlightened,  of  intellect  at  once  solid  and  brilliant,  of  indomitable 
energy  and  noble  purpose, — I  can  hardly  be  suspected  of  desiring 
to  cast  a  slur  on  a  profession,  to  which,  however  lightly  it  may  be 
estimated  by  the  outer  world,  it  is  my  pride  and  pleasure  to  belong. 
If,  then,  a  hand  so  feeble  as  mine  can  inflict  the  slightest  wound  on 
our  present  system,  I  ask  to  be  believed  when  I  say  that  it  is  the 
faithful  wound  of  a  friend,  and  that  my  spear,  like  the  spear  of 
Achilles,  is  meant  to  heal  as  well  as  smite.  If  I  criticize  Public 
Schools  fearlessly,  it  is  because  I  love  them  deeply,  and  because  I 
would  not  willingly  see  them  fall  into  that  gradual  neglect  and  dis- 
esteem,  which  must  be  the  consequence  of  a  refusal  on  their  part  to 
progress  with  a  progressive  age,  and  to  widen  the  narrow  horizon  of 
their  studies  with  the  widening  of  an  epoch,  whose  researches  have 
thrown  light  on  every  region  of  nature,  from  its  minutest  organism  to 
its  most  distant  nebulae  and  stars. 

Not,  then,  from  any  wish  to  conciliate  favour  for  my  future 
remarks,  still  less  because  I  shrink  from  the  full  brunt  of  any  anger 
they  may  bring  upon  me,  let  me  say  as  the  hearty  tribute  of  my 
genuine  admiration,  that  judged  by  the  nobility  and  serviceableness 
of  the  manhood  they  have  trained,  the  Public  Schools  have  no  cause 
to  blush;  and  that  though  they  may  have  fallen  far  short  of  that 
splendid  ideal  which  is  entertained  for  them  in  the  aspirations  of 
those  who  love  them  best,  they  may  yet  put  forth  an  irrefragable  claim 
to  the  respect  and  honour  of  their  bitterest  enemies : — 

"  Great  men  have  been  amon£  them, — hands  that  penned, 
And  tongues  that  altered  wisdom." 

And  although  they  have  no  right  to  claim  the  entire  credit  of  such 
names,  because  the  greatest  men  are  often  the  accidents  rather  than 
the  results  of  a  system,  and  they  have  often  been  great  in  spite  of  it 
rather  than  became  of  it,  yet,  when  a  school  (like  that  which  I  have  at 
this  moment  the  honour  to  serve)  may  boast  to  have  produced  in  one 
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half-century  among  its  five  Prime  Ministers,  a  Palmerston,  a  Peel,  a 
Spencer  Percival,  and  an  Aberdeen ;  and  among  its  statesmen,  a  Dal- 
bousie  and  a  Sidney  Herbert ;  and  among  its  soldiers  and  sailors,  a 
Rodney  and  a  Codrington ;  and  among  its  poets,  a  Byron  and  a 
Proctor ;  and  among  its  scholars,  a  Parr  and  a  Sir  William  Jones ; 
and  among  its  divines,  a  Trench  and  a  Manning;  and  among  its 
common  crowd  of  unknown  alumni,  so  vast  a  multitude  of  honourable 
and  useful  men  ; — such  a  school  (and  it  is  but  an  illustrious  type  of 
many  more)  has  no  cause  to  fear  that  a  system  which,  in  other  days, 
has  borne  "such  fruit  in  all  its  branches,"  will  be  hastily  or  indis- 
criminately condemned. 

1.  To  proceed,  then,  to  my  review  of  our  present  system  in  its 
workings  and  results,  I  would  state  my  belief  that  the  social  education 
offered  by  our  schools  is  one  of  immense  value.  I  am  not  now 
alluding  to  the  despicable  advantage  of  making  fashionable  acquaint- 
ances, but  to  something  much  deeper  and  more  indisputable.  It  is,  I 
think,  a  distinct  benefit  to  the  growth  and  development  of  English 
society,  that  boys  of  families  and  of  professions  the  most  widely 
diverse,  should  be  thrown  together  at  our  Public  Schools.  It  is  a 
benefit,  I  think,  to  the  harmony  and  to  the  breadth  of  our  statesman- 
ship, that  the  poor  curate  working  obscurely  in  his  remote  country 
parish,  and  the  brilliant  journalist  who  wields  the  force  of  public 
opinion,  and  the  college  don  in  his  quiet  quadrangle,  and  the 
Manchester  man  building  up  his  vast  fortune  in  the  counting-house, 
and  the  eloquent  Radical  member  for  some  city  or  borough,  and  the 
silent  millionaire  nobleman  who  flings  the  whole  weight  of  his  in- 
fluence on  the  side  of  Conservatism,  should  still  have  this  friendly 
bond  of  sympathy  between  them,  that  at  school  they  each  found  their 
own  level  or  realized  their  own  worth,  and  that  one  was  the  other's 
fag,  and  that  they  joined  in  shouting  for  the  victory  of  their  common 
house  in  the  green  and  sunny  cricket-field,  and  passed  under  the 
influence  of  the  same  associations  and  interests,  and  that,  however 
widely  they  may  now  be  separated,  they  loved  and  esteemed  each 
other  in  those  days  as  equals  and  friends.  In  broadening  the  views, 
in  knitting  together  the  sympathies  of  brother  Englishmen,  even  amid 
such  din  of  controversies  and  strife  of  parties  as  may  be  raging  at  this 
moment,  or  will  soon  be  raging,  within  the  walls  of  St.  Stephen's,  such 
ameliorating  influences  are  not,  I  think,  to  be  despised. 

2.  And,  again,  as  far  as  regards  moral  education,  I  give  my  most 
sincere  and  honest  opinion  when  I  say  we  have  good  reason  to  be 
thankful.  Be  it  remembered  that  we  have  to  deal  with  a  difficult  and 
impetuous  period  of  life ;  with  that  perilous  age — 

'•  When  young  Dionysus  seems 
All  joyous  as  he  burst  upou  the  East 
A  jocund  and  a  welcome  conqueror ; 
And  Aphrodite  sweet  as  from  the  sea 
She  rose,  and  floated  in  her  pearly  shell 
A  laughing  girl" 
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Let  any  one  consider  how  difficult  must  be  the  task  of  governing 
that  wilful  age,  mid  thou  let  him  visit  some  Bnt  school,  and  nolo  the 
admirable  discipline,  tho  cordial  relations  between  master  and  scholar, 
tho  manly  bearing,  free  at  once  from  pre  sumptuous  forwardness  and 
servile  timidity ;  and  then,  further,  tho  reverent  attention  to  the 
religious  services,  and  the  number  of  bushed  and  youthful  partakers 
of  the  Lord's  Supper, — and  few,  I  think,  will  refuse  to  admit  that,  by 
Guds  blessing,  wo  have  in  large  measure  cnnohlod  and  purified  the 
once  unhealthy  moral  atmosphere  of  our  Public  Sehools.  Some, 
indeed,  there  ore,  and  will  ever  be,  who,  in  spite  of  the  many  kindly 
and  solemn  warnings  they  receive,  learti  there  but  few  lessons  savo 
those  of  sin  and  sorrow ;  but  the  majority,  by  their  high  tone  of 
hnnour  and  principlo,  and  by  that  deeply  encouraging  growth  of 
Christian  character  which  marks  their  progress  from  form  to  form, 
show  that  the  must  high  spirited  buys  may  be  guided  by  a  thread, 
when  they  are  guided  by  gentlemen  and  by  Christians,  as  well  as 
by  scholars,  and  when  the  sincere  and  simple  spirit  of  religion  is 
made  to  bear — not  in  the  sbapo  of  dead  dogmas,  but  in  the  shape 
of  living  principles— upon  the  whole  tenour  of  their  lives. 

3.  Nor— once  more  —  if  we  turn  to  the ^/iv-'-.V.j/ t mining  uf  our  boys, 
shall  we  Hud  any  errors — at  any  rate  on  the  side  of  omission.  If  the 
end  and  aim  of  physical  training  be  health,  vigour,  and  activity,  few 
will  think  it  negloctcd  when  they  see  the  healthy  colour,  and  high 
spirits,  and  w-11-knit  frames,  which  among  our  Public  School  boys  are 
not  the  exception,  but  the  rule.  Tho  only  question  could  be  whether 
in  this  direction  we  have  not  gono  too  far.  1  would  leave  ample  margin 
for  our  hours  of  play;  I  look  with  the  heartiest  sympathy  on  tho 
flourishing  of  our  manly  sports  ;  I  know  the  value  and  beauty  of  a 
keen  glance,  a  strong  arm,  and  swift  feet,  and  I  rejoice  to  see  the 
racquet-court,  the  cricket*  tie  Id,  and  the  rifle  range  thronged  with 
emulous  competitors  ;  but  I  must  not  hesitate  to  say,  that  in  some 
instances  wc  have  pushed  our  admiration  for  these  things  tn  extravagant 
and  disastrous  lengths.  When  wc  commonly  sec  Imysirady  to  sacrifice 
everything  to  cricket ;  when  we  see  tliem  devoting  to  it  a  number  of 
hours  and  an  amount  of  enthusiasm,  out  of  all  proportion  to  that 
expended  on  their  work;  when  we  find  their  thoughts  so  thoroughly 
coloured  and  moulded  by  it  that  they  t.ilk  eriekct,  think  cricket,  and 
dream  cricket,  morning,  noon,  and  night;  it  is  hardly  surprising  to 
find  many  who  complain  that  this  mania  of  muscularity  \v,\>-  its  Avmv 
in  the  hunger-bitten  poverty  of  our  intellectual  results,  and  tends  to 
account  for  the  fact  that  the  value  of  the  work  wo  get  out  of  the  mass 
of  boys  is,  as  Mr.  Gladstone  puts  it,  "  scandalously  small."  Let  us" 
by  all  moans  make  our  buys  good  animals  if  we  can  ;  let  us  train  thorn 
to  patient  endurance  and  hardy  strength  ;  let  us  teach  them  (if  we  can 
teach  them)  to  acorn  the  ever-growing  tend,  licy  to  luxury  and  extrava- 
gance ;  but  let  us  at  the  same  time  impress  on  them,  that  to  be  good 
animals  is  a  contemptible  result  if  it  docs  not  conduce  to  their  being 
better,  more  thoughtful,  and  nobler  men.    It  is  hardly  satisfactory  that 
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the  child  of  nineteen  Christian  centuries,  "  the  heir  of  all  the  ages  in 
the  foremost  files  of  time,"  should  spend  all  his  energies,  and  all  his 
admiration  on  the  attainment  of  those  corporeal  attributes  in  which,  let 
him  do  his  best,  the  brute  and  the  savage  will  beat  him  still. 

4.  I  now  turn  to  that  part  of  my  task  which  is  at  once  the  most 
difficult  and  the  most  immediately  important— I  mean  the  Intellectual 
Education  of  our  Public  Schools.  And  here  I  shall  doubtless  cut 
against  the  grain  of  a  hundred  prejudices,  and  draw  upon  my  head  a 
storm  of  opposition.  Be  it  so,  if  I  thereby  hasten  the  victorious 
purpose  which  so  many  have  at  heart.  About  my  own  insignificance 
the  storm  may  roar  as  loudly  as  it  will,  if  thereby  it  "  lash  into  motion 
those  lazy  clouds  "  that  have  stagnated  so  long  on  our  educational 
horizon.  Nor  will  I  deprecate  it  further  than  by  saying  that  no  one 
has  a  right  to  resent  the  straightforward  avowal  of  a  conviction  derived 
from  long  experience;  and  that,  as  I  speak  without  arrogance  and 
without  censoriousness,  I  claim  the  privilege,  as  indeed  I  have  earned 
the  right,  to  speak  also  with  perfect  plainness. 

I  must,  then,  avow  my  own  deliberate  opinion, — arrived  at  in  the 
teeth  of  the  strongest  possible  bias  and  prejudice  in  the  opposite 
direction, — arrived  at  with  the  fullest  possible  knowledge  of  every 
single  argument  which  may  be  urged  on  the  other  side, — I  must  avow 
my  distinct  conviction  that  our  present  system  of  exclusively  classical 
education  as  a  whole,  and  carried  out  as  we  do  carry  it  out,  is  a 
deplorable  failure,  I  say  it,  knowing  that  the  words  are  strong  words, 
but  not  without  having  considered  them  well ;  and  I  say  it,  because 
that  system  has  been  "  weighed  in  the  balances  and  found  wanting." 
It  is  no  epigram,  but  a  simple  fact  to  say,  that  Classical  Education 
neglects  all  the  powers  of  some  minds,  and  some  of  the  powers  of  all 
minds.  In  the  case  of  the  few  it  has  a  value,  which  being  partial,  is 
unsatisfactory ;  in  the  case  of  the  vast  multitude,  it  ends  in  utter  and 
irremediable  waste.  On  the  theory  of  the  convertibility  of  force, 
something,  I  suppose,  must  come  of  the  energies  expended  on  our 
ordinary  teaching  ;  but  at  present  a  large  portion  of  them  seems  to  me 
as  entirely  wasted,  as  the  sunbeams  which  waste  their  vivifying  influ- 
ence in  scorching  the  desert  sands.  "  We  pour  this  kind  of  knowledge," 
says  Mr.  Ruskin,  "  on  one  and  all  alike,  like  snow  upon  the  Alps,  and 
are  proud  if  here  and  there  a  river  descends  from  their  crests  into  the 
valleys,  forgetting  that  we  have  made  the  loaded  hills  themselves 
barren  for  ever" 

The  proofs  of  the  fact  are  now  but  too  patent  in  the  faithful  report 
of  eminent  and  most  friendly  commissioners  ;  for  after  diligent, 
anxious,  and  repeated  study  of  the  four  thick  blue  volumes  in  which 
their  laborious  investigations  lie  buried  from  the  public  ken,  I  can 
draw  from  them  no  other  conclusion  than  that  which  may  be  summed 
up  in  these  few  words  :  That  but  a  small  proportion  of  our  boys,  say 
twenty-five  per  cent.,  go  to  the  Universities;  that  yet  the  entire 
curriculum  of  our  Public  Schools  is  framed  with  a  view  to  the  Uni- 
versities ;  and  that  even  of  this  poor  twenty-five  per  cent.,  who  are  as 
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it  were  the  very  flower  and  fruit  of  the  system,  and  if  I  may  so  phrase 
it,  its  raison  d'etre,  a  considerable  number  (many  would  be  inclined  to 
say  the  larger  number)  leave  school  at  the  age  of  eighteen  or  nineteen, 
not  only  ignorant  of  history,  both  ancient  and  modern,  ignorant  of 
geography  and  chronology,  ignorant  of  every  single  modern  language, 
ignorant  of  their  own  language  and  often  of  its  mere  spelling,  ignorant 
of  every  single  science,  ignorant  of  the  merest  elements  of  geometry 
and  mathematics,  ignorant  of  music,  ignorant  of  drawing,  profoundly 
ignorant  of  that  Greek  and  Latin  to  which  the  long  ineffectual  years  of 
their  aimless  teaching  have  been  professedly  devoted ;  and  we  may  add, 
besides  all  this,  and  perhaps  worst  of  all,  completely  ignorant  of — 
altogether  content  with — their  own  astonishing  and  consummate 
ignorance.  Or,  in  other  words — for  here  I  am  but  translating  into  a 
little  plainer  language  the  courteous  euphemisms  of  the  commissioners 
— we  have  this  fact : — During  ten  or  twelve,  or  even  more,  of  the  best, 
the  most  vigorous,  the  most  plastic,  and  the  brightest  years  of  life,  a 
multitude  of  boys  have  been  mainly,  at  some  schools  almost  exclusively, 
occupied  with  Greek  and  Latin,  who  yet  at  the  end  of  those  years  not 
only  know  nothing  else,  and  not  only  are  wholly  careless  to  learn 
anything  else,  but  have  profited  so  little  even  in  their  Greek  and  Latin 
that  they  can  neither  write  a  single  correct  sentence  in  either  language, 
nor  stumble  correctly  through  a  single  page  of  their  simplest  authors 
without  special  previous  preparation.  On  such  a  topic  it  would  be 
useless  to  amplify ;  there,  whether  we  like  it  or  not,  is  the  plain,  naked, 
unvarnished  fact.  If  it  startle  us,  I  can  only  say  it  ought  to  startle  us ; 
if  it  is  painful,  I  say  that  it  ought  to  be  painful  to  any  mind  on  which 
custom  is  not  lying  with  a  weight  "  heavy  as  frost,  and  deep  almost  as 
death."  If  any  one  be  prepared  to  question  it,  the  Commissioners  will 
supply  him  with  ample  proofs  in  both  hands ;  and  any  public  school- 
master could  quadruple  those  proofs,  if  his  eyes  are  open,  out  of  the 
experiences  of  a  single  year.  The  Commissioners  quote  tutor  after 
tutor  of  the  Oxford  Colleges,  and  tutor  after  tutor  of  the  Cambridge 
Colleges,  who  come  forward  with  dreary  iteration  to  say  that  the  men 
are  mostly  men  of  excellent  principles  and  manners,  but  to  numbers  of 
whom  they  freely  apply  tie  epithets  "  indolent,"  "  unawakened," 
"inaccurate,"  "men  of  idle  habits,  and  empty  uncultivated  minds." 
And  this,  be  it  remembered,  is  the  verdict  on  boys  who  go  to  the 
University,  the  only  body  of  whom  the  Commissioners  had  even  an 
opportunity  of  forming  a  judgment;  and  it  suggests  these  two 
reflections : — If  these  be  the  results  in  the  case  of  boys  for  whom 
the  system  was  specially  framed,  what  are  we  to  think  of  the  rest  ? 
And  if  these  boys  know  nothing  of  Greek  and  Latin  in  which  for  years 
they  have  been  assiduously  taught,  how  unfathomable  may  be  their 
ignorance  in  subjects  which  they  have  never  been  taught  at  all,  or  (as 
is  the  case  with  many  noble  branches  of  knowledge)  taught  by  an 
ignorant  tradition  to  neglect  and  to  despise  ? 

Facts  like  these  may  have  been  unknown  to  all  but  professional 
teachers  at  schools  and  universities  until  the  Commission  revealed 
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them,  and  until  the  whole*  press  of  the  United  Kingdom,  whether 
friendly  or  unfriendly,  whether  religious,  political,  educational,  or 
scientific,  had  with  appalling  unanimity  summed  up  the  general  result 
of  the  Report  of  the  Commissioners  in  the  one  ugly  word,  Failure. 
There  was  no  escape  from  the  plain  conclusion  ;  yet  the  apathy  with 
which  it  was  accepted  strikes  one  with  amazement.  We  know  what 
the  years  of  boyhood  are — how  keen,  how  inquiring,  how  full  of  life  : 
we  know  what  education  can  do  ;  how  it  can  stimulate  exertion  and 
store  up  knowledge,  and  give  extraordinary  energy  to  every  faculty 
and  every  sense.  Is  it  then  a  matter  of  no  consequence  that  the  in* 
tellectual  powers  of  so  many  fine  and  noble  English  boys  should  be 
suffered  to  run  to  seed?  Is  it  the  will  of  England  that  her  sons 
should  grow  up  good  oars,  and  good  cricketers,  and  profoundly 
ignorant  men?  While  science  commands  its  thousands  of  eager, 
devoted,  enthusiastic  workers,  will  England  remain  content  that  the 
main  effort  of  her  education  should  end  so  often  in  an  atrophy  of 
intelligence  and  knowledge  ?  Is  education  a  mere  trifling  experiment 
made  in  corpore  vili?  Is  the  mighty  development,  the  magnificent 
heritage  of  this  and  many  centuries  to  be  left  with  an  influence  either 
nil  or  insignificant  in  the  teaching  of  our  boys?  If  people  believe 
in  a  classical  education,  do  they  believe  in  one  which  may  be  nominally 
classical,  but  which  ends  with  such  extreme  frequency  in  a  gigantic 
negation?  Will  they  listen  to  idle  and  flourishing  rhetoric  about 
the  graceful  and  godlike  literature  of  Greece  and  Rome,  and  then 
deceive  themselves  with  the  illusion  that  this  is  the  reward  of  lads  who, 
after  an  indefinite  term  of  years,  could  not  speak  two  Latin  sentences, 
or  construe  Xenophon  without  a  crib?  Are  we,  in  the  nineteenth 
century,  to  learn  no  more  and  to  teach  no  more — nay,  to  attempt  and 
to  achieve  actually  less — than  was  learnt  by  young  Romans  in  the 
school  of  Quintilian,  or  at  best  by  Gregory  and  Basil  in  the  retirement 
of  Athens  ?  The  young  Greek  learnt  something  of  geometry ;  the 
young  Roman  something  of  law ;  even  the  young  monk  of  the  Middle 
Ages  learnt  in  his  meagre  quadrivium  some  scraps  of  such  science  as 
was  then  to  be  had.  Are  wo  alone  to  follow  the  example  of  the 
Chinese  in  a  changeless  imitation  of  our  ancestors,  and  to  confine  our 
eager  boys  for  ever  between  the  blank  walls  of  an  ancient  cemetery, 
which  contains  only  the  sepulchres  of  two  dead  tongues  ? 

Such  questions  crowd  indignantly  upon  the  mind ;  and  that  they 
should  admit  of  no  answer  is  a  subject  of  simple  astonishment.  If 
English  people  do  not  really  care  about  the  question — if  they  are 
indifferent  to  knowledge,  scorn  ideas,  and  despise  Geist  as  a  continental 
importation  —then  there  is  an  end  of  the  matter  ;  but  if,  undeceived  at 
length,  they  begin  to  realize  that  a  solely  classical  education  even  for 
the  few  who  succeed  in  it  is  not  the  best,  while  for  the  multitude  who 
fail,  it  ends  in  no  Latin,  no  Greek,  and  nothing  else  :  then  it  is  full 
time  for  their  voice  to  be  heard.  The  mighty  stream  of  public 
opinion  must  be  brought  to  bear  upon  universities  and  schools,  and  if 
they  cannot  be  aided  from  within  they  must  be  coerced  from  without, 
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to  modify  a  curriculum  which  has  long  been  too  narrow  and  antiquated, 
and  is  now  demonstrably  unsuccessful.  In  a  scientific  age  their  studies 
ought  not  to  be  solely  literary  :  in  a  progressive,  practical,  and  earnest 
age  they  must  not  be  suffered  to  remain  stationary,  fantastic,  and  pre- 
eminently pagan. 

That  Greek  and  Latin — taught  in  a  shorter  period,  and  in  a  more 
comprehensive  manner — should  remain  as  the  solid  basis  of  a  liberal 
education,  we  are  all  (or  nearly  all)  agreed :  none  can  hold  such  an 
opinion  more  strongly  than  myself:  but  why  can  it  not  be  frankly 
recognized  that  an  education  confined  to  Greek  and  Latin  is  a  failure, 
because  it  is  an  anachronism  ?  It  has  outlived  its  time.  It  is  utterly 
out  of  harmony  with  the  spirit  of  the  age.  It  may  have  been  all  very 
well  three  centuries  ago,  but  is  it  to  remain  unaltered  after  three 
centuries,  which  in  the  history  of  the  human  race  have  the  importance 
of  thirty  ?  *  This  is  an  age  of  progress,  and  we  keep  spinning  round 
and  round  on  the  same  pivot ;  an  age  of  observation  and  experiment, 
and  we  keep  bowing  and  scraping  to  mere  authority ;  an  age,  as  Pro* 
fessor  Huxley  has  said,  "  full  of  modern  artillery,  and  we  turn  out  our 
boys  to  do  battle  in  it,  equipped  with  the  sword  and  shield  of  an 
ancient  gladiator."  Its  continuance  is  due,  not  to  its  importance,  but 
mainly,  as  the  Commissioners  admit,  to  custom  and  prescription ; 
and  now  the  new  wine  is  bursting  the  old  bottles.  The  days  when 
men  were  grateful  to  a  literature  which  had  unshackled  them  from  the 
fetters  of  scholasticism — that  heroic  age  of  classical  studies  when 
in  spite  of  bad  food,  bad  lodging,  straw  beds,  and  eternal  horrible 
floggings,  youths  came  on  foot  vast  distances  to  crowd  the  school  of 
a  Tempete — the  days  when  such  men  as  Erasmus  and  Stondonck, 
after  toiling  out  the  daylight,  mounted  a  clock-tower  to  study  still  by 
the  gratuitous  moonbeams— the  days  when  fionsard  and  Baif  occupied 
one  bedroom,  and  rose,  one  after  the  other,  in  turns,  long  after  mid- 
night, to  go  shares  in  their  single  candle  and  keep  the  same  spot 
warm ;  those  days  have  gone  by  for  ever,  and  we  can  neither  repro- 
duce their  acquisitions,  nor  galvanize  them  into  life.  People  see 
now,  as  Montaigne's  father  saw  more  than  three  hundred  years  ago, 
that  a  scholar  may  cost  much  too  dear ;  and  they  are  beginning  to  see 
that  to  produce  your  scholar  here  and  there,  you  are  apt  to  sacrifice 
multitudes  of  minds  no  less  gifted,  it  may  be  far  more  gifted,  than  his. 
The  complaint  is  no  new  one.  "It  is  deplorable,"  says  the  poet 
Cowley,  himself  a  brilliant  scholar,  "to  consider  the  loss  which 
children  make  at  most  schools,  employing,  or  rather  casting  away, 
six  or  seven  years  in  the  learning  of  words  only,  and  that  very  im- 
perfectly." "  We  do  amiss,"  says  John  Milton — a  man  whose  opinion 
is  of  infinite  importance,  not  only  for  his  immense  learning  and 
splendid  imagination,  but  also  because  he  stands  out  of  nineteen 
Christian  centuries  as  one  of  the  grandest  ideals  of  a  noble  and  oul- 


*  See  H.  Rigault,  CEavres  Completes,  ii.  p.  150. 
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tivated  manhood — "  We  do  amiss  to  spend  seven  or  eight  years  merely 
in  scraping  together  so  much  miserable  Greek  and  Latin,  as  might 
be  learnt  otherwise  easily  and  delightfully  in  one  year."    "  Would 
not  a  Chinese  who  took  notice  of  our  way  of  breeding,"  says  John 
Locke,  "be  apt  to  imagine  that  all  our  young  gentlemen  were  de- 
signed to  be  teachers  and  professors  of  the  dead  languages  of  foreign 
countries,  and  not  to  be  men  of  business  in  their  own  ?  "    After  three 
such  testimonies  I  need  hardly  add  more ;  but  I  could  easily  produce 
a  catena  of  overwhelming  testimony  in  the  same  direction  of  our  best 
and  greatest  men ;  from  these  down  to  Whewell  and  Macaulay,  and 
that  great,  good  Prince,  who  has  many  a  time  sat  in  that  chair,  and 
whose  wisdom  and  foresight  we  only  then  began  to  acknowledge, 
when  he  was  far  beyond  the  reach  of  our  ungrudging  censure  and  our 
niggardly  applause.    And  that  voice  would  be  swelled  not  only  by 
the  all  but  unanimous  testimony  of  our  greatest  men  of  science — the 
Herschels,  the  Tyndalls,  the  Huxleys,  the  Faradays — but  also  by  a 
vast  crowd  of  our  living  statesmen,  orators,  philosophers,  and  poets ; 
nay  more,  from  both  our  Universities,  by  some  of  the  very  best  and 
profoundest  scholars  of  the  present  day.     It  should  be  a  significant 
sign  to  our  educational  conservatives  that  within  this  very  year  two 
such  statesmen  and  thinkers  as  Mr.  Lowe  and  Mr.  Mill — the  one 
eminent  as  a  scholar,  the  other  as  a  philosopher — should  both  have 
spoken  of  the  main  staple  of  our  Public  School  education  with  scath- 
ing and  undisguised  contempt.    Impenetrable  as  the  deaf  and  sluggish 
majesty  of  prescription,  and  serene  as  the  dull  self-complacenoy  of 
routine  may  be,  it  is  impossible  not  to  hope  that,  assaulted  by  such 
batteries  as  these,  routine  and  prescription  are  beginning  to  totter  to 
their  fall. 

I  have  less,  however,  to  do  with  any  general  cause  for  the  failure 
of  our  system,  than  with  two  special  ones  of  which  I  wish  particularly 
to  speak.  I  mean,  first,  the  fact  that  some  of  our  existing  methods 
are  so  disagreeable  and  illogical  as  to  clog  all  progress,  even  in  our 
narrow  path,  with  difficulties  all  but  insuperable,  even  when  we  have 
absorbed  an  inordinate  length  of  time ;  and  secondly,  that  we  have 
hitherto  coldly  refused,  or  but  partially  admitted,  an  alliance  with 
those  fruitful  scientific  studies,  which  .can  put  forth  a  claim  to 
reverence  far  prouder  than  our  own,  and  which  would  have  given  our 
own  studies  material  assistance  by  the  very  act  of  maln'Tig  room  for 
more. 

First,  then,  I  believe  that  one  of  the  reasons  why  classical  studies 
lie  across  the  path  of  education,  unprogressive  themselves  and  a 
hindrance  to  all  other  progress,  is  the  present  superstitious  devotion 
to  Greek  and  Latin  composition,  and  the  present  irrational  mode  of 
studying  grammar.  It  is  in  this  direction  that  our  reform  must  be 
most  radical  and  most  imperative. 

That  nebulous  halo  of  admiration  which  for  many  years  has  so 
densely  enshrouded  Greek  and  Latin  composition,  and  which  has  given 
to  their  proportions  as  seen  through  the  mist  a  sort  of  indefinite  and 
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colossal  grandeur,  was  perhaps  the  cause  why  the  Royal  Commissioners 
expressed  no  word  of  reprobation  against  the  pursuit,  and  neither 
sought  nor  elicited  any  eridence  condemnatory  of  their  practice.  To 
myself,  trained  in  the  system  for  years,  and  training  others  in  it  for 
years—being  one  of  those  who  succeeded  in  it,  if  that  amount  of 
progress  which  has  been  thought  worthy  of  high  classical  honours  in 
two  Universities  may  be  called  success — influenced  therefore  by  every 
conceivable  prejudice  of  authority,  experience,  and  personal  vanity  in 
its  favour — I  can  only  give  my  emphatic  conclusion  that  every  year 
the  practice  of  it  appears  to  me  increasingly  deplorable,  and  the 
theory  of  it  every  year  increasingly  absurd.  Any  facility  which  I 
may  myself  have  attained  in  it  I  hold  exceedingly  cheap  ;  I  should 
estimate  its  value  as  simply  nought  in  any  inventory  of  my  intellec- 
tual possessions.  The  utterly  extravagant  value  attached  to  Greek 
and  Latin  verse,  and  the  utterly  untenable  arguments  urged  in  its 
favour,  are  irritating  enough ;  but  with  me  all  minor  irritation  is 
lost  in  deep  pain  and  regret,  when  year  after  year  I  see  boys  of 
eighteen  and  nineteen  who  have  been  working  for  ten  years  or  more 
at  Latin  verses  under  conscientious  and  able  teachers,  and  who  at  the 
end  of  that  time  are  unable  to  produce  one  single  line  that  is  not 
flagrantly  incorrect  and  intolerably  odious  to  every  reasonable  mind. 
Almost  daily  it  is  my  fortune  to  see  poor  boys  ploughing  barren  poetic 
fields  in  the  shape  of  verse-books  with  a  grammar  and  dictionary 
"  unequally  yoked  together  like  ox  and  ass."  This  is  the  kind  of 
thing  they  have  to  turn  into  Latin  elegaics— for  instance  (to  give  only 
a  favourable  specimen),  this  lucid  address  to  the  sun': — 

"  Thou,  midmost  of  our  world,  I  narrate  wonders, 
Rnlest  stars,  lest  they  should  wander,  laws  being  broken.** 

Or  this:— 

**  The  fiery  steed,  his  tail  in  air  proudly  cocked, 
Not  without  much  neighing,  traverses  glad  pastures." 

This  is  the  sort  of  "  kelp  and  brickdust "  used  to  polish  the  cogs  of 
their  mental  machinery I  And  when  for  a  good  decade  of  human  life, 
and  those  its  most  invaluable  years,  a  boy  has  stumbled  on  this 
dreadful  mill-round  without  progressing  a  single  step,  and  is  plucked 
at  his  matriculation  for  Latin  prose,  we  flatter  ourselves,  forsooth, 
that  we  have  been  giving  him  the  best  means  for  learning  Latin 
quantities,  for  improving  taste  (or  what  passes  for  such!)  and — 
credite  poeteri  I — for  acquiring  the  niceties  of  Greek  and  Latin  scholar- 
ship !  We  resent  the  nickname  of  the  Chinese  of  Europe,  yet  our 
education  offers  the  closest  possible  analogue  to  that  which  reigns  in 
the  Celestial  empire,  and  for  centuries  we  have  continued,  and  are 
continuing,  a  system  to  which  (so  fur  as  I  know)  no  other  civilised 
nation  attaches  any  importance,  yet  which  leaves  us  to  borrow  our 
scholarship  second-hand  from  them  ;  which  is  now  necessary  for  the 
very  highest  classical  honours  at  the  University  of  Cambridge  alone ; 
in  which  only  cm  has  a  partial  glimmering  of  success  for  hundreds 
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and  hundreds  who  inevitably  fail ;  and  in  which  the  few  exceptional 
successes  are  so  flagrantly  useless,  that  they  can  only  be  regarded  at 
the  best  as  a  somewhat  trivial  and  fantastic  accomplishment, — an 
accomplishment  so  singularly  barren  of  all  results,  that  it  has  scarcely 
produced  a  dozen  original  poems  on  which  the  world  sets  the  most 
trifling  value,  or  which  (as  I  believe)  even  a  Bavins  or  a  Msevius 
could  have  owned  without  a  blush.  While  we  waste  years  in  thus 
perniciously  fostering  idle  verbal  imitations,  and  in  neglecting  the 
rich  fruit  of  ancient  learning  for  its  bitter,  useless,  and  unwholesome 
husk — while  we  thus  dwarf  many  a  vigorous  intellect,  and  disgust 
many  a  manly  mind — while  a  great  University,  neglecting  in  great 
measure  the  literature  and  the  philosophy  of  two  great  nations, 
contents  itself  with  being,  in  the  words  of  one  of  its  greatest  sons,  "  a 
Bestower  of  Rewards  for  Schoolboy  Merit" — while  thousands  of 
despairing  boys  thus  waste  their  precious  hours  in  "  contracting  their 
own  views  and  deadening  their  own  sensibilities  "  by  a  failure  in  the 
acquisition  of  the  useless — while  we  apply  this  inconceivably  irra- 
tional process  to  Greek  and  Latin,  and  to  no  other  language  ever  yet 
taught  under  the  sun — while  we  thus  accumulate  instruction  without 
education,  and  feel  no  shame  or  compunction  if  at  the  end  of  many 
years  we  thrust  our  youth  in  all  their  unarmed  ignorance  through 
the  open  gate  of  life — while,  I  say,  such  a  system  as  this  continues 
and  flourishes,  which  most  practical  men  have  long  scorned  with  an 
immeasurable  contempt,  do  not  let  us  consider  that  we  have  advanced 
a  single  step  in  reforming  education,  to  reform  which  (in  the  words  of 
Leibnitz)  is  to  reform  society  and  to  reform  mankind. 

Do  not  imagine  that  any  of  these  convictions  are  new.  If  time 
permitted  I  could  corroborate  them  by  multitudes  of  facts,  maintain 
them  with  most  cogent  arguments,  and  support  them  by  the  most 
splendid  authority, — if  indeed  authority  be  needed  to  prove  that  an 
unique  absurdity,  condemned  by  its  unique  failure,  is  irrational  and 
wrong.  Phillips  compared  it  to  going  from  point  to  point  in  curved 
lines.  It  is  a  "  preposterous  exaction,"  said  Milton,  the  greatest  of 
all  our  Latin  versifiers,  no  less  than  one  of  our  greatest  men :  "  these 
are  not  matters  to  be  wrung  from  poor  striplings,  like  blood  from  the 
nose,  or  the  plucking  of  untimely  fruit."  "  See  that  your  son  be  not 
employed  in  making  themes,  neither  verses  of  any  kind,"  says  the 
strong  common-sense  and  manly  wisdom  of  John  Locke  ;  "it  is  a 
sort  of  Egyptian  tyranny,"  and  "if  he  have  no  poetic  taste  'tis  the 
most  unreasonable  thing  in  the  world  to  torment  him  and  waste  his 
time  about  that  which  can  never  succeed."  "  Versification  in  a  dead 
language,"  says  another  eminent  scholar — Lord  Macaulay — "is  an 
exotic,  a  far-fetched,  costly,  sickly  exotic.  The  soils  on  which  the 
rarity  flourishes  are  in  general  as  ill  suited  to  the  production  of  native 
poetry  as  the  flower-pots  of  a  hothouse  to  the  growth  of  oaks."  "  It 
appears  to  me  a  cruel  absurdity"  says  Bishop  Thirlwall,  " to  attempt 
to  forestall  an  imitative  instinct  ...  by  forcing  young  boys 
through  the  hardest  drudgery  and  at  a  great  expense  of  time,  to  wrap 
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the  vacancy  of  thought  in  Ciceronian  phrases,  and  to  hammer  nonsense 
into  Horatian  metres."  "To  what  purpose,"  asks  Mr.  John  Stuart 
Mill,  in  his  recent  great  address  at  St.  Andrew's,*  which  I  should  like 
to  see  framed  and  glazed  in  every  schoolmaster's  study,  "  should  the 
most  precious  years  of  early  life  be  irreparably  squandered  in  learning 
to  write  bad  Latin  and  Greek  verses  ?  I  do  not  see  that  we  are  much  the 
better  even  for  those  who  end  by  writing  good  ones.  Can  our  favourites 
of  fortune  find  no  better  or  more  serious  employment  than  these  nugm 
difficiles  f  Are  we  to  pay  this  extravagant  price  for  acquiring  the  per- 
nicious faculty  of  stringing  together  borrowed  phrases — a  habit  which 
a  teacher  should  consider  it  one  of  his  first  duties  to  repress  ?  "  For 
myself,  as  one  who  has  seen  the  thing  in  actual  working,  I  will  only 
add,  that  if  one  could  but  show  the  world  what  the  teaching  of  Latin 
verse  practically  amounts  to,  and  the  kind  of  paltry  poesie  SpithStique 
in  which  at  the  best  it  practically  ends, — if  the  verses  written  in  any 
one  verse  examination  by  any  one  school  in  any  one  day  were  but  laid 
before  the  world,  with  the  ages  of  the  boys  appended,  and  the  number 
of  hours  which  the  boys  have  spent  for  years  in  thus  not  progressing 
a  step  in  this  enervating  drudgery,  I  firmly  believe  that  the  system  would 
not  last  a  week  longer,  because  then  Englishmen  would  see — as  clearly 
as  I  know,  that  an  ever  increasing  number  of  scholars  and  of  school- 
masters have  long  seen — that  in  sacrificing  so  much  time  and  so  many 
branches  of  study  to  the  non-achievement  of  this  puny  accomplishment, 
is  to  make  our  sons  slave  in  the  service  of  a  huge  gilt  empty  idol — it 
is  to  worship  a  fly  or  a  beetle,  and  daily  to  offer  a  hecatomb  of  costly 
oxen  in  sacrifice  thereto. 

I  pass  from  our  empty  infructuous  years  of  Greek  and  Latin  verse- 
making,  to  another  blot  upon  our  system  no  less  pernicious, — -I  mean 
the  illogical  and  indefensible  way  in  which  we  teach  grammar.  Here 
too,  I  believe,  we  have  another  instance  of — 

M  Blind  authority  boating  with  his  staff 
The  child  that  might  have  led  him/' 

Nothing  can  be  more  certain  than  that  the  comprehension  of 
grammar  comes  after  the  mastery  of  language;  that  the  science  of 
grammar  (for  there  is  such  a  science,  and  a  noble  one  it  is)  is  at  once 
abstruse  and  difficult,  and  that  its  deeply-seated  metaphysical  prin- 
ciples are  best  attained  by  an  analysis  of  abundant  linguistic  facts 
already  appreciated.  Tet  what  do  we  do  ?  we  try  to  build  up  a  boy's 
knowledge  synthetically  by  plunging  him  at  once  into  a  bewildering 
mass  of  intricate  rules  and  anomalous  exceptions ;  and  instead  of 
making  him  understand  these,  we  effectually  prevent  him  from  ever 
learning  them  in  any  real  sense  by  making  him  learn  them  by  rote  :  "f 
and  then,  as  though  it  had  been  our  express  object  to  paralyse  his  own 
intellectual  powers,  we  shroud  these  mysterious  instructions  in  the 

*  I  may  perhaps  be  allowed  to  observe  that  the  whole  of  my  discourse  (except 
this  clause)  was  written  before  the  delivery  of  Mr.  Mill's  address, 
f  **  Sea  voir  par  cceur  n'est  pas  sea  voir. — Montaigne. 
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very  language  which  he  is  supposed  not  .to  understand  t  Well  may 
Mr.  Herbert  Spencer  speak  of  "that  intensely  stupid  practioe,  the 
teaching  of  grammar  to  children."  u  Grammar,"  says  Home  Tooke 
(who  surely  was  a  good  judge,  if  any  one  was),  "  is  among  the  first 
things  taught,  and  the  latest  understood."  Tet  what  happens?  what 
is  happening  at  this  moment  to  your  little  sons?  They  are  being 
M  dragged  through  grammar  as  through  a  cactus-bush," — being  taught 
it  in  a  way  which  always  reminds  me  of  Judges  viii.  16,  where  it 
says  that  Gideon  "took  thorns  of  the  wilderness,  and  briers,  and 
with  these  he  taught  the  men  of  Sucootk"  They  have  been  sent  to  a 
preparatory  school,  where  the  two  main  implements  of  education  put 
into  their  innocent  and  unsuspecting  hands  are  a  primer  and  a  Terse- 
book.  The  verse-book  is  the  kind  of  thing  of  which  I  have  given 
you  a  specimen;  the  primer — that  utterly  disastrous  legacy  of  the 
commission  which,  in  spite  of  the  strenuous  opposition  of  many  of  us, 
is  now  forced  as  a  standard  grammar  upon  nine  great  public,  and 
countless  private  schools — is  a  delightful  manual  in  which  the  little 
victim,  not  without  amazement,  learns  by  heart  in  Latin  a  multitude 
of  such  lucid  empiricisms  as  that  "factitive  verbs  have  two  accusa- 
tives, one  of  the  object,  the  other  of  the  oblique  complement  t" 

Here  too,  at  the  tender  age  of  eight  or  nine  his  young  imagination 
is  terrified,  often  by  ignorant  men,  with  such  incubi  and  succubi  as 
"quid-quale  verbs,"  "gerundive  attractions,"  "suboblique  clauses,'' 
"  spirants,"  "  receptive  complements,"  "  relations  circumstantive  and 
prolative,"  "  quasi-passives,"  "  semi-deponents,"  and  I  know  not  what, 
— which  are  hard  enough  for  grown  men  to  understand,  even  if  they  do 
not  despise  this  clatter  of  pedantic  (because  needless)  polysyllables, 
but  which  to  a  child  must  bo  worse  tnan  "  Gorgons,  and  Hydras,  and 
Chimeras  dire."  Imagine,  ladies  and  gentlemen,  that  at  this  moment 
you  yourselves  were  desirous  to  learn  Arabic;  imagine  an  Arabic 
grammar,  with  rules  in  Arabic,  put  into  your  hands;  imagine  these 
Arabic  rules  clothed  in  a  scholastic  terminology,  and  bristling  with 
philosophical  abstractions,  interspersed  here  and  there  with  the  Castanet 
music  of  an  abhorrent  doggrel ;  imagine  that  the  Arabic  verb,  like  the 
Greek  verb,  had  twelve  hundred  synthetic  forms,  and  that  you  had  to 
learn  them  every  one  by  heart  before  proceeding  a  step ;  imagine  that 
this  amazing  sum-total  were  forced  on  you  in  a  solid  and  amorphous 
form,  perhaps  by  a  wholly  incompetent  teacher  who  repressed  all 
questions  at  the  point  of  the  ferula ;  imagine  this,  and  you  have  the 
very  photograph  of  what  in  very  many  cases  is  being  done  with  your 
little  sons  in  Greek  and  Latin.  Can  "the  theory  of  elementary 
unintelligibility "  go  farther  than  this  ?  Would  it  be  possible  to  be 
more  ingenuously  out  of  harmony  with  all  that  is  natural  ?  After  such 
a  grievous  waste  of  time,  are  you  astonished  at  failure?  Are  you 
surprised  if  your  son,  thus  suddenly  introduced  from  the  mid-sunlight 
of  his  boyhood  into  these  "  yawning  caves  where  glaring  monsters  lie," 
and  where,  like  the  Indian  hunter,  he  is  forced  into  chronic  indigestion 
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by  feeding  on  dry  Greek  roots, — are  yon  astonished  if  he  revolts  and 
cmocnmbs  altogether  ?  Or,  should  he  be  courageous  and  lucky  enough 
to  emerge  undazed,  retires  for  life  into  what  Sidney  Smith  calls  "  the 
safe  and  elegant  imbecility  of  classical  learning/'  with  a  confirmed 
habit  for  "  credulously  swallowing  millstones  with  passive  obedience," 
— crammed  with  dead  words,  bat  unapt  for  living  inquiry, — with  plenty 
of  second-hand  knowledge  reflected  and  refracted  through  the  semi- 
opaque  medium  of  books,  but  with  a  sight  too  bedimmed  in  this  long 
darkness  to  gaze  on  the  sun-bright  and  unveiled  countenance  of  truth. 
"  There  is  no  study,"  says  Professor  Halford  Vaughan,  "  that  could 
prove  more  successful  in  producing  often  thorough  idleness  and 
vacancy  of  mind,  parrot-like  repetition  and  sing-song  knowledge,  to  the 
abeyance  and  destruction  of  the  intellectual  powers,  as  well  as  to  the 
loss  and  paralysis  of  the  outward  senses,  than  our  traditional  study  and 
idolatry  of  language." 

But,  if  this  be  so  with  the  successful,  what  are  the  results  with 
the  unsuccessful?  Ask  our  modern  writers  of  genius,  and  they  will 
point  to  the  ambition,  the  dissipation,  the  restlessness  of  our  wealthier 
classes.  Ask  our  parents,  and  they  will  sigh  over  the  vacant  hours 
spent  in  lounging  in  the  billiard-room  and  the  stable-yard.  Ask  our 
schoolmasters,  and  they  will  deplore  the  number  of  dunces  and  idlers 
whom  they  produce.  Ask  our  most  zealous  and  earnest  college  tutors, 
and  they  will  tell  of  undergraduates  who  regard  their  royal  and  sacred 
seats  of  learning  as  luxurious  and  fashionable  clubs, — of  torpid  minds 
that  either  do  not  care  to  read  enough  for  the  most  elementary  examina- 
tions, or  only  cram  through  them  with  infinite  difficulty  and  disgust. 
Contrast  this  languishing  inefficiency  of  unprogressive  studies  with  the 
keen,  passionate,  eager,  undaunted  enthusiasm  wherewith  thousands  of 
minds,  hitherto  untrained,  are  flinging  their  whole  energy  into  the 
toils  of  science,  and  thereby  adding  year  by  year  to  the  fair  sum  of 
human  knowledge ;  and  then  ask  if  the  nature  of  our  studies  be  not  to 
blame  ?  "  I  do  not  wonder,"  says  Tanaquil  Faber,  who,  at  least, 
succeeded  in  making  his  own  daughter,  Madame  Dacier,  one  of  the 
first  scholars  of  her  day,  "  that  one-half  of  our  boys  who  go  to  schools, 
do  become  downright  asses  rather  than  learned  men."  While,  if  you 
turn  once  more  to  Milton's  opinion,  you  will  find  that  he  sets  down 
barren  hearts — a  tendency  "  to  live  in  ease  and  luxury,"  and  "  an  am- 
bitious, mercenary,  or  ignorantly  zealous  divinity"— to  the  fact  of  boys 
"  misspending  their  prime  youth  at  the  schools  and  universities  in 
learning  mere  words,"  and  being  "  deluded  with  ragged  notions  and 
babblements,  while  they  expected  worthy  and  delightful  knowledge." 

With  facts  like  these  before  us,  how  long,  I  ask,  are  we  to  leave 
our  education  "  sickening  in  this  muddy  pool  of  conformity  and  tradi- 
tion ? "  Are  we  to  go  on  for  ever  conjugating  and  declining,  and 
gerund-grinding,  and  Latin-verse  manufacturing,  "while  the  great 
world  spins  for  ever  down  the  ringing  grooves  of  change?  "  I  speak, 
be  it  observed,  in  the  highest  interest  of  Classics.     I  would  not  aban- 


40  Bev.  F.  W.  Farrar  [Feb.  8, 

don  them  as  the  basis  of  a  liberal  education  ;  I  feel  their  abuse  some- 
what bitterly,  only  because  I  know  how  great  may  be  their  proper  use* 
I  am  not  one  of  that  large  and  increasing  multitude  who  say  that 
classical  education  is  a  barren  tree,  and  that  the  axe  must  be  laid  mer- 
cilessly at  its  very  root.  I  say,  on  the  contrary,  that  it  is  a  fair  tree  and 
a  strong,  and  that  if  we  cut  off  its  dead  and  unsightly  branches,  we 
may  still  leave  its  stem  in  the  tender  grass  of  the  field,  and  that  men's 
hopes  and  fears  may  still — 

"  Take  shelter  in 
The  fragrance  of  its  complicated  glooms* 
And  cool  impleached  twilights." 

I  know  that  the  Classics  introduce  us  into  a  region  of  virtues  in  which 
our  modern  life  is  meanest  and  most  meagre.  I  should  hold  it  disastrous 
to  disintegrate  ourselves  altogether  from  the  past,  and  to  break  the 
chain  of  its  noble  associations.  But  this  is  the  precise  effect  which  is 
now  being  produced  by  the  wretched  baldness  and  poverty  of  our 
system.  The  worst  enemies  of  classical  education  are  those  who 
would  stereotype  its  present  imbecility.  I  am  no  enemy,  but  a  sincere 
and  humble  supporter  of  classical  education  properly  supplemented  and 
properly  understood.  That  against  which  I  have  been  pleading  is  not 
knowledge  of  the  classics,  but  ignorance  of  their  entire  spirit ;  not 
classics,  but  the  degradation  of  the  classics ;  not  the  thoughts  of  the 
ancients  enshrined  in  their  noblest  literature,  but  a  paltry  stringing 
together  of  the  artificial  phrases  of  their  rhetoric ;  not  a  sound  learn- 
ing, but  a  shallow  simulacrum  of  superiority ;  not  mental  training,  but 
a  mere  knack  acquired  by  desultory  reading  and  incessant  practice ;  a 
peacock's  feather,  which,  though  it  has  often  been  a  proof  of  intellec- 
tual rank,  yet  often  waves  over  very  empty  skulls— a  trick  so  difficult 
and  so  useless  that  it  averts  robust  minds  from  all  classical  study,  and 
is  capable  (on  the  published  confession  of  some  of  its  best  represen- 
tatives)* or  coexisting  with  a  profound  ignorance  on  all  subjects, 
ancient  as  well  as  modern.  These  are  not  the  results  of  classical 
teaching  in  any  high  and  noble  sense ;  but  of  its  fantastic  abuse  by 
methods  which  our  best  and  wisest  men  have  combined  in  denouncing 
as  glaringly  irrational  and  curiously  bad. 

But  further,  and  lastly,  I  would  ask,  if  this  idol  of  the  theatre  is 
still  to  bo  worshipped,  how  long  shall  its  service  be  so  exclusive  as  now 
it  is?  However  high  we  are  to  place  classics,  are  we  still  to  act  as 
though  they  were  the  sole  end  and  aim  of  education,  and  as  though 
men  had  neither  the  faculties  nor  the  thirst  for  any  other  kind  of 
knowledge  ?  Are  we  never  to  get  rid  of  this  bed  of  Procrustes,  which 
for  some  is  inordinately  long,  for  some  intolerably  short  ?  I  allude  of 
course  to  that  second  special  cause  for  the  failure  of  our  system,  in  the 


*  See  Public  Schools  Commission  Report,  ii.  4:i,  44,  50 ;  Cambridge  Commis- 
sion Report,  p.  293. 
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short-sighted  neglect  which  has  suffered  our  boys  to  grow  up  in  total 
ignorance  of,  sometimes  in  disgraceful  contempt  for,  every  scientific 
pursuit.     In  an  age  which  is  emphatically  the  age  of  science, 

"  Mid  the  mighty  march  of  mind. 
The  steamship,  and  the  railway,  and  the  thoughts  that  shake  mankind," 

a  boy  has  been  suffered  to  know  nothing  of  the  world  of  wonder, 
of  beauty,  and  of  power,  in  which  his  lot  is  cast.  What  has  science 
achieved  within  this  century  ?  She  has  made  the  shattering  force  of 
the  electric  spark  obediently  speed  her  messages  through  the  heart  of 
iron  mountains,  and  under  the  waves  of  raging  seas ;  she  has  kindled 
her  silver  beacons  on  the  wave-tormented  crags,  as  though  to  light  up 
an  avenue  to  her  palace  front ;  she  has  enabled  the  sailor  to  steer  in 
safety  amid  the  breaker's  wintry  surge,  and  the  miner  to  work  in  safety 
amid  the  blasting  fire-damp  of  the  mine ;  she  has  drawn  the  forked 
lightning  in  harmless  splendour  out  of  the  purple  cloud;  she  has 
discovered  the  precious  anodyne  which  lulls  the  senses  into  calm  and 
dreamless  sleep,  while  the  work  of  agony,  agonising  no  longer,  is 
wrought  upon  the  human  frame ;  with  a  scratch  of  her  lancet  she  has 
stayed  the  loathsome  ravages  of  disease ;  she  has  forced  upon  reluctant 
selfishness,  and  branded  into  the  brain  of  invincible  ignorance,  those 
beneficent  laws  which  paralyse  the  fury  of  the  pestilence,  and  restore 
health  and  buoyancy  to  the  factory  and  the  hut ;  all  this  and  more, 
she  is  doing,  and  has  done ;  and  the  history  of  her  discoveries,  and  the 
knowledge  of  the  methods  she  has  used  in  all  this  majestic  sorcery, 
would,  I  take  it,  bo  almost  as  useful,  and  would  effect  as  much  for  the 
human  race,  as  the  most  delicate  appreciation  of  the  particle  ye,  or 
even  as  an  approximate  knowledge  of  the  uses  of  ay  with  the  moods ! 
Oh,  if  the  world  is  to  be  transformed  for  our  boys  into  the  cave  I  have 
described,  at  least  suffer  them  to  look  round  upon  it,  and  enter  it  torch 
in  hand : — 

"And  bid  with  lifted  torch  its  starry  walls 
Sparkle,  as  erst  they  sparkled  to  the  glow 
Of  odorous  lamp  tended  by  saint  and  sage  1 " 

It  would  give  reality,  it  would  give  utility,  it  would  give  happiness  to 
their  education.  It  would  give  reality.  Our  present  system  does  rot 
represent  the  existing  state  of  knowledge.  It  deals  with  names,  not 
things;  with  grammar,  not  facts;  with  books,  not  phenomena.  It 
learns,  but  does  not  acquire ;  it  imitates,  but  does  not  observe.  With 
a  Paradise  open  before  us,  it  fumbles  at  the  old  and  costly  key  of  a 
second-hand  knowledge.  It  acts  as  though  God  had  turned  His 
creatures  into  a  world  in  which  there  was  no  such  thing  as  education 
until  Greece  and  Rome  emerged.  What  wonder  that  our  boys  have 
ceased  to  feel  all  relation  between  these  dead  and  barren  vocables  and 
their  bright  and  living  world  ?  We  have  not  enlisted  among  them  the 
services  of  what  Dr.  Brown  calls  "  that  resident  teacher  within  the 
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,"  who  is  for  oyer  giving  bis  lessons  while  we  are  giving  ours. 
Our  boys  are  getting  weary  of  Horace  and  Ovid : — 

M  Earth  outgrows  the  mythic  fancies 
Sung  beside  her  in  her  youth ; 
And  those  debonnaire  romances 
Sound  but  dull  beside  the  truth ; 
Phcobus*  chariot-course  is  run  ! 
Look  up,  poets,  to  the  sun  ; — 
Pan,  Pan,  is  dead !  " 

Then  it  would  give  our  education  more  usefulness.  I  use  the  word 
in  no  vulgar  or  sordid  sense.  I  do  not  only  mean  professionally — 
though  surely  that  is  not  wholly  unimportant ;  nor  do  I  mean  by  the 
stimulus  to  great  philanthropic  discoveries,  though  that  too  ought  not 
to  be  despised ;  but  I  mean  morally,  and  socially,  and  intellectually  as 
well.  To  speak  of  the  benefit  of  scientific  knowledge  to  our  physi- 
cians, our  barristers,  our  engineers,  our  soldiers,  our  country  gentle- 
men, would  be  waste  of  time,  and  owing  to  a  deeply-seated  stupidity  I 
have  never  been  able  to  see  anything  specially  glorious  in  inutility 
per  8e.  But  it  is  worth  while  to  take  the  single  instance  of  the  use  of 
science  to  our  clergy.  Seeing  that  the  Bible,  in  page  after  page,  to 
say  nothing  of  whole  books  of  it,  is  constantly  occupied  in  directing 
profound  attention  to  the  power  of  God  as  proved  by  the  magnificence 
of  His  Creation, — seeing  that  the  Saviour  of  the  world  points,  as  the 
special  proofs  of  God's  love,  to  His  care  for  the  mountain  lily,  and  the 
falling  sparrow,  and  the  raven's  callow  brood, — is  not  our  education, 
and  especially  that  of  our  clergy,  distinctly  irreligious  in  neglecting 
these  tilings,  and  in  elevating  the  poor  words  of  man,  as  an  instrument 
of  training,  immeasurably  above  the  mighty  works  of  God  ?  And  with 
what  results  ?  It  would  be  hardly  possible  to  exaggerate  their  disas- 
trous importance.  Not  only  do  the  clergy,  who  should  be  the  leaders 
of  thought,  lose  the  advantage  of  assisting  in  a  thousand  ways  their 
poorer  parishioners,  but  they  find  themselves  actually  inferior  in  these 
great  fields  of  knowledge  to  many  clerks  and  artisans  in  their  own 
congregations,  before  whom  they  cannot  venture  to  speak  of  them 
without  the  danger  of  raising  a  contemptuous  smile.  This,  however, 
is  the  least  part  of  the  evil.  Science  has  interpenetrated  to  a  won- 
derful degree  the  thoughts,  the  speculations,  nay,  even  the  common 
literature  of  the  age,  and  yet  the  clergy  are  wholly  out  of  sympathy 
with  it ;  in  many  instances  are  suspicious  of  it ;  in  many  more  are  its 
bitter  and  ignorant  opponents.  Scarcely  has  there  been  an  eminent 
philosopher,  from  Roger  Bacon  down  to  Comte, — scarcely  an  eminent 
discoverer,  from  Galileo  down  to  Darwin,  who  has  not  counted  the 
clergy  among  his  most  ruthless  opponents.  I  challenge  denial  of  the 
fact.  Against  astronomy,  against  zoology,  against  chemistry,  against 
geology,  against  ethnology,  against  philology, — against  well-nigh 
every  nascent  science  in  its  turn — has  theological  arrogance  and  self- 
styled  orthodoxy  marshalled  their  menacing  array  of  misinterpreted  or 
inapplicable  fragments  of  Holy  Writ.     Just  as  of  old  "  fope  refitted 
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Berkeley  with  a  sneer,"  so  now  some  young  ordained  BJL  finds  it 
easy  to  crash  Darwin  with  a  text.  Is  it,  I  ask,  .uncommon  to  hear 
some  ignorant  clergyman  who  has  laboriously  scraped  into  a  poll 
degree,  lay  down  the  law  as  though  he  held  the  keys  of  all  knowledge 
in  his  hand,  and  could  afford  to  pity  and  look  down  upon  those  splen- 
did students,  whose  lives  have  been  one  long-continued  heroism  of 
candour  and  research  ?  Ton  may  say  that  an  opposition  of  this  calibre 
usually  ends  in  some  complacent  avowal  of  the  ardent  friendship 
between  science  and  [theology,  and  in  the  acceptance  as  axiomatic 
truisms  of  what  had  previously  been  denounced  as  atheistical  and 
absurd.  But  meanwhile,  what  happens  ?  Men  of  science,  confounding 
religion  with  the  anachronisms  of  its  most  feeble  and  most  violent 
expounders,  too  often  hold  aloof  from  a  Church  whose  inmost  heart  is 
intensely  truthful, — a  Church  which  well  knows  the  delight  that 
deeply  religious  minds  have  ever  felt  in  reverent  inquiry  into  the  laws 
of  God,  and  which  sees  more  of  her  own  real  spirit  in  the  patient 
labours  of  science  than  in  unprogressive  idleness  and  theological 
hate. 

The  remedy  is  simple.  Let  the  boys  who  are  to  become  our 
clergy  be  trained,  if  it  be  but  in  one  single  science ;  let  them  see  the 
stern  and  simple  accuracy  of  its  methods ;  let  them  observe  the  single- 
ness of  its  eye  for  truth,  and  truth  alone ; — let  them  mark  its  inevit- 
able progress  over  triumphant  errors ; — let  them  be  initiated  in  the 
labour,  the  sincerity,  the  patience,  the  self-devotion,  the  precision  of 
thought  which  it  requires, — and  then  we  shall  hear  no  more  of  the 
preposterous  falsehood  that  science  is  inimical  to  true  religion,  and 
see  no  more  of  men  who  prefer  anathema  to  inquiry, — who  rather  than 
sit  at  God's  feet,  and  learn  the  great  laws  which  He  reveals  to  the 
humble  and  to  the  patient,  prefer  to  gyrate  round  and  round  in  the 
petty  circle  of  one-thousandth-hand  expositions,  or,  if  I  may  borrow 
an  old  simile,  to  make  long  voyages  in  the  belly  of  Jonah's  whale, — 
traversing  immense  distances  but  seeing  nothing  in  the  world.  It  is 
my  solemn  belief  and  a  belief  that  I  am  neither  afraid  nor  ashamed 
to  avow,  that  the  scepticism  so  often  laid  to  the  charge  of  science,  is  in 
reality  the  necessary  result  of  its  neglect. 

In  conclusion,  I  confidently  look  to  an  education  in  science  for  a 
considerable  increase  of  youthful  happiness.  How  do  many  boys 
regard  their  school-hours  ?  Chiefly  as  time  spent  in  the  close  atmo- 
sphere of  a  dull  room  over  verbal  disquisitions  for  which  they  care 
little,  and  verbal  imitations  for  which  they  care  still  less.  If  you 
would  have  them  progress  in  such  studies,  and  believe  in  them,  you 
must  superadd  another  education,  which  by  enlisting  their  sympathies, 
shall  awake  their  dormant  faculties  and  save  their  decaying  self- 
respect.  Ton  must  teach  the  boy  who  fails  in  classics  that  the  autho- 
rity of  long  words  in  crabbed  books  is  not  the  only  source  of  know- 
ledge ;  that  he  can  use  his  untrained  senses  as  the  gateways  for  a 
thousand  forms  of  instruction ;  that  the  theory  which  strove  to  make 
teaching  unpleasant  was  an  odious  and  unnatural  heresy  ;  and  that  his 
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education,  bo  far  from  ceasing,  is  but  being  continued  (if  be  so  wills  it) 
with  greater  intensity  when  with  open  eyes,  and  senses  keenly  observant* 
be  is  living  under  the  blue  temple-roof  of  heaven, — storing  bis  cabinet 
with  the  gorgeous  and  delicate  loveliness  of  shells  and  butterflies  and 
Gggs,— or  following  the  game  on  the  mountain-side,  ancle-deep  in 
purple  heather,  knee-deep  in  the  tall  green  ferns.  Teach  him  that  in 
every  dewdrop  brushed  away  by  his  careless  feet  there  slumbers  the 
electric  flame ;  teach  him  that  there  is  no  flower  which  he  can  pluck, 
in  the  study  of  which  he  may  not  soon  reach  those  "  flammantia  moenia 
mundi "  over  which  not  even  the  eagle  wing  of  science  can  soar ; 
teach  him  that  there  is  not  the  simplest  phenomenon  of  his  daily  life 
which  does  not  involve  for  its  explanation  the  agency  of  the  most  mar- 
vellous and  eternal  laws.  Show  him  too  that,  when  once  taught  to 
read  and  write,  and  think,  and  use  his  senses,  he  has  been  equipped  in 
all  the  panoply  wherewith  the  giants  of  human  intellect  have  made 
the  elements  of  the  physical  world  their  slaves ;  that  with  no  more 
potent  instrument  than  his  own  kite  he  may  take  the  lightning  by  the 
wing ;  that  in  the  falling  of  an  apple,  and  the  swinging  of  a  lamp,  and 
the  thoughts  of  an  idle  boy  as  he  watched  the  steam  condensing  on 
the  bowl  of  his  silver  spoon  and  the  twitching  of  a  dead  frog's  leg 
when  it  was  touched  by  a  scalpel  as  it  lay  upon  a  plate,  lay  hid  the 
secrets  of  the  rolling  of  the  planets,  and  the  mode  in  which  we  mark 
the  flight  of  time,  and  the  rushing  of  the  railway  engine,  and  the 
means  whereby  with  the  simplest  possible  materials  we  can  put  a 
girdle  in  a  few  seconds  round  the  globe.  Add  this  to  your  classical 
system,  and  the  frequency  of  dunces  will  cease  to  be  a  commonplace 
of  schoolmasters.  I  dare  not  indeed  use  the  strong  language  of 
Milton,  when  he  says,  "  I  doubt  not  that  ye  shall  have  more  ado  to 
drive  our  dullest  and  laziest  youth,  our  stocks  and  stubs,  from  the 
infinite  desire  of  such  a  happy  nurture,  than  we  have  now  to  hale  and 
drag  our  hopefullest  and  choicest  wits  to  that  asinine  feast  of  sow- 
thistles  and  brambles  which  is  commonly  set  before  them  as  the  food 
and  entertainment  of  their  tenderest  and  most  docile  age  ; " — but  I  do 
say  with  him  that  the  path  of  a  virtuous  and  noble  education  is  "  so 
smooth,  so  green,  so  full  of  goodly  prospects  and  melodious  sounds  on 
every  side,  that  the  harp  of  Orpheus  was  not  more  charming," — I  do 
say  that  the  kind  of  education  which  here  I  advocate  will  be  fruitful 
of  the  mightiest  advantages  both  to  England  as  a  nation  and  to  thou- 
sands of  her  individual  sons, — and  that  it  is 


•* 


Not  harsh  and  rugged,  as  dull  fools  suppose, 
But  musical  as  is  Apollo's  lute, 
And  a  perpetual  feast  of  nectared  sweets, 
Wttere  no  crude  surfeit  reigns" 

[F.  W,  F.] 
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WEEKLY   EVENING  MEETING, 

Friday,  February  15, 1867, 

Sir  Hbmbt  Holland,  Bart.  M.D.  D.C.L.  F.RS.  President, 

in  the  Chair. 

Cbomwell  F.  Va&lbt,  Esq.  M.I.C.E.  M.B.I. 
On  the  Atlantic  Telegraph. 


Thb  object  the  speaker  had  in  view  was  to  demonstrate  (for  the 
first  time  in  public)  a  few  of  the  more  subtle  phenomena,  which 
present  themselves  when  attempting  to  work  long  submarine  cables, 
and  to  show  how  the  disturbances  arising  from  earth  currents  are 
sufficiently  neutralized  to  prevent  them  from  interfering  with  the 
telegraphic  signals. 

For  this  purpose  he  had  two  artificial  telegraph  cables,  the  one 
representing  the  Atlantic  Telegraph  cable,  the  second  one  being  made 
40  times  slower,  so  as  to  represent  the  phenomena  which  would 
present  themselves  on  a  cable  of  the  same  dimensions  per  nautical  mile 
as  the  Atlantic  Telegraph,  but  13J0OO  miles  in  length,  long  enough  to 
reach  from  England  to  Australia. 

The  former  artificial  cable  consisted  of  11  coils  of  fine  German 
silver  wire,  having'  together  the  same  resistance  as  the  actual  Atlantic 
cable.  The  phenomena  of  electro-static  induction  were  given  to  this 
conductor,  by  attaching  at  each  of  the  junctions  between  the  coils  a 
large  condenser.     {Viae  Fig.  14,  p.  49.) 

The  second  or  slow  artificial  line  consisted  of  11  glass  tubes ;  and 
the  apparatus  was  so  constructed  that  by  turning  a  handle  the  con- 
densers could  be  removed  simultaneously  from  the  resistance  coils, 
and  reapplied  as  often  as  necessary.  A  galvanometer  was  inserted 
between  each  of  the  tubes  in  the  latter  circuit. 

The  glass  tubes  were  filled  with  a  solution  consisting  of  98  parts 
pure  water  and  2  parts  sulphate  of  zinc. 

The  metal  poles  dipping  into  the  solution  were  composed  of  zinc 
amalgamated ;  amalgamated  zinc  electrodes  in  a  solution  of  sulphate 
zinc  being  almost  entirely  free  from  polarization. 

The  reflecting  galvanometers  differed  from  those  hitherto  used  in 
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the  following  respects : — the  mirrors  consisted  of  lenses  ground  and 
polished,  instead  of  flat  microscope  glass,  the  tubes  containing  the 
mirrors  had  glass  ends  and  were  filled  with  pure  water,  which  cut  off 
the  tremors  of  the  room,  and  brought  the  instruments  to  rest  in  the 
fraction  of  a  second. 

Each  mirror  was  half-an-inch  in  diameter,  and  with  its  magnet 
weighed  2  grains,  and  was  suspended  by  3  cocoons  of  silk  ikth  of  an 
inch  in  length. 

The  time  allowed  for  this  discourse  only  permitted  of  a  cursory 
examination  into  two  of  the  many  interesting  inquiries  connected  with 
the  Atlantic  Telegraph. 

The  speaker  observed : — u  The  press  had  (imperfectly)  familiarised 
the  public  with  the  mechanical  operations  of  manufacturing  and  laying 
the  cables,  as  well  as  with  the  means  adopted  for  navigating  the  ship 
across  the  ocean. 

"The  method  adopted  for  testing  the  integrity  of  the  insulation- 
of  the  cable  as  well  as  of  its  conducting  power  were  partly  brought 
under  the  notice  of  this  Institution  by  Sir  William  Thomson  not  long 
since." 

Light  and  radiant  heat  travel  through  space  with  a  definite  velocity; 
electricity  does  not.  The  waves  of  light  do  not  flatten  out  or  elongate 
during  their  flight  over  millions  and  millions  of  miles.  For  example, 
suppose  the  star  Sirius  were  suddenly  coverod  by  a  screen  for  ten 
minutes  and  then  uncovered  again,  the  star  would  still  appear  on  this 
earth  to  shine  continuously  for  about  twenty  years  after  the  screen  was 
applied,  when  it  would  be  suddenly  extinguished  for  just  ten  minutes, 
and  then  re-appear. 

Electricity  in  passing  through  a  cable  begins  instantly  to  appear  at 
the  distant  end,  but  in  strength  far  too  weak  to  be  measured ;  after 
the  lapse  of  a  certain  time  definite  for  each  particular  cable,  it  begins 
rapidly  to  augment  in  power  and  continues  to  approach  to  a  definite 
limit  of  strength. 

The  reason  for  this  will  appear  when  the  construction  of  the  arti- 
ficial Atlantio  cable  is  considered. 

Electricity  is  popularly  supposed  to  have  a  definite  velocity,  like 
light ;  this  is  not  so.  The  question — what  is  the  velocity  of  electricity? 
cannot  be  answered  unless  other  conditions  are  given ;  for  instance, 
it  begins  to  arrive  at  the  distant  end  instantaneously,  but  to  reach  its 
maximum  strength  would,  strictly  speaking,  require  eternity  and  a 
day ;  while  to  reach  half  its  maximum  strength  would  have  occupied  a 
time  of  6  a,  this  quantity  a  being  a  definite  time  dependent  upon  the 
dimensions  of  the  cable. 

Fig.  1,  curve  No.  1,  represents  the  strength  of  the  current  at  the 
distant  end  of  the  cable,  after  the  lapse  of  periods  of  time  represented 
by  the  figures  under  the  diagram,"' the  maximum  strength  which  the 
battery  can  produce  through  the  cable  being  represented  by  10. 

The  figures  on  the  horizontal  line  represent  equal  periods  of  time :  a. 
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The  figures  on]  the  vertical  lino  represent  the  strength  of  the 
current.  On  connecting  one  end  of  the  cubic  to  »  battery  whose  other 
pole  is  to  earth,  no  sensible  current  is  visible  until  after  the  lapse  of 
the  period  a,  when  the  current  has  a  strength  of  a  little  more  than  a 
thousandth  part  of  that  which  the  battery  is  capable  of  producing. 

When  the  cable  is  fully  charged,  the  current  attains  its  maximum 
strength,  which  is  represented  in  the  diagram  by  the  line  opposite  the 
vertical  fignre  10.  After  the  lapse  of  4  a,  the  strength  of  the  current 
is  about  one-fourth  of  this  maximum  power.  After  tho  lapse  of  6  a 
it  has  a  strength  equal  to  half  the  maximum,  and  for  greater  periods 
of  time  tho  strength  of  tho  current  goes  on  augmenting  if  tho  battery 
bo  continually  applied,  as  shown  by  curve  No.  1.  But  although  it 
approaches  to,  it  never,  in  strict  language,  actually  attains  tho  abso- 
lute maximum  strength  10.  For  instance,  after  20  a,  the  strength 
of  tho  current  is  about  OS  per  cent,  of  tho  maximum. 

Tho  curves  2  and  3  show  the  rise  and  full  of  electric  currents  at  tho 
distant  end  after  the  cable  has  boon  connected  to  the  battery  for  intervals 
of  time  corresponding  to  12  a  and  6a;  and  after  such  contact  with  the 
battery,  the  cable  has  been  connected  to  the  earth  again.  This  is  about 
as  quick  as  it  is  possible  to  signal  through  a  submarine  cable  with  the 
ordinary  Morse  instrument.     No.  2  represents  a  "dash;"  No.  3,  a  dot. 

The  little  carve  3  represents  a  signal  whose  strength  is  only  1 
per  cent,  of  the  maximum  strength.  Such  signals  are  only  to  bo 
obtained  cither  by  the  curb-key  er  the  use  of  condensers  at  the  end  of 
tho  cable,  as  explained  further  on. 

It  will  be  seen  that  considerable  time  must  be  allowed  to  elapse 
after  the  impulse  has  been  given  for  a  dot  or  dash  before  the  cablo 
has  sufficiently  discharged  itself  to  permit  of  a  second  intelligible 
signal.  It  is  evident  from  the  above  diagram  that  in  order  to  get 
rapid  signalling  through  an  Atlantic  or  other  long  cable  tho  apparatus 
must  first  of  all  be  very  sensitive,  so  as  to  give  as  early  indication  as 
possible  of  the  arrival  of  the  electric  current,  and  the  moment  such 
indication  begins  to  be  produced  tho  line  must  be  discharged  as 
quickly  as  possible,  in  order  that  a  second  signal  may  bo  made  to 
follow  quickly  after  wards. 
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On  January  20, 1854,  Dr.  Faraday,  in  a  discourse  at  the  Royal 
Institution,*  described  a  number  of  experiments  which  he  had  made 
with  a  hundred  miles  of  gutta  perclia- covered  wire,  and  also  some 
experiments  upon  1500  miles  of  line  between  Loudon  and  Manchester. 
But  on  the  table  before  the  speaker  was  an  artificial  representation  of 
a  cable  18,000  miles  in  length,  by  the  aid  of  which  the  same  pheno- 
mena amplified  and  many  others  were  exhibited. 

A  telegraph  cable  is  a  long  Leydon  jar,  one  end  of  which  ia 
attached  to  the  earth,  whilst  the  other  is  attached  to  a  source  of  elec- 
tricity each  time  a  signal  is  to  be  produced.  If  the  cable  be  con- 
nected to  a  battery  for  a  long  time,  the  strength  of  the  charge  in  the 
different  parts  of  the  cable  will  be  shown  by  the  diagonal  line,  Fig.  2, 
being  nothing  at  the  end  connected  to  the  earth,  and  equal  to  the  full 
power  of  the  battery  at  the  other. 


Fig.  3  shows  the  "distribution  of  the  chargo  in  the  artificial  line. 


ARTIFICIAL    CABLE  Tl  EARTH 

Fig.  6  represents  a  section  of  the 
core  of  the  Atlantic  Telegraph  cable. 
The  seven  small  circles  are  sections  of 
the  seven  copper  wires  constituting 
the  conductor — the  interstices  between 
the  wires  are  filled  with  a  mixture  of 
gutta  percha  and  wood  pitch.  Four 
coatings  (or  tubes)  of  gotta  percha  united 
together  by  pitch  and  gutta  percha 
form  tho  insulating  medium.  The 
reasons  for  using  seven  wires  instead  of 
one  solid  conductor,  are  first,  to  avoid 
the  risk  of  a  flaw  or    break  in  the 

conductor,  which  would  be  fatal   to  tho  line ;   secondly,  to  reduce 

tho  rigidity  of  the  copper. 

The  weights  per  nautical  mile  (2029  yards)  are— copper,  800  lbs, 

avoirdupois  ;  gutta  percha,  400  lbs. 

*  Pivceeding?  of  the  Royal  Institution,  Vol.  I,  p.  345. 
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When  such  a  core  is  submerged  the  copper  conductor  forma  the 
interior  coating  ;  the  gntta  percha,  the  insulating  medium  ;  the  water, 
the  exterior  coating  of  a  Leyden  jar. 

Figs.  13  and  14  represent  the  artificial  cables. 


Vol  V.    {No.  45.) 
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When  the  cable  is  at  rest,  the  two  ends  are  connected  to  the  earth  ; 
on  depressing  the  telegraphic  key,  a  battery  is  inserted  between  the 
earth  and  the  cable,  and  a  current  immediately  flows  in  at  the  sending 
end ;  the  keys  in  the  diagram  are  double  ones ;  on  depressing  the  right- 
hand  key,  the  positive  or  copper  pole  of  tho  battery  is  connected  with 
the  cable,  while  the  negative  or  zinc  pole  is  left  in  connection  with  the 
earth ;  if  tho  left-hand  key  be  depressed,  the  right-hand  key  being  up, 
the  negative  or  zinc  pole  of  tho  battery  is  connected  with  the  cable! 
while  the  positive  or  copper  pole  remains  connected  to  the  earth.  The 
second  key  shown  in  Fig.  14  was  used  as  a  switch  to  connect  tho 
cable  at  pleasuro  either  to  the  battery  key  or  to  the  Geissler's  tube, 
to  show  the  escape  of  tho  charge  in  the  cable  from  both  ends  of  the 
circuit. 

On  depressing  one  of  the  keys,  tho  battery  is  inserted  between  the 
earth  and  the  cable ;  a  current  immediately  flows ;  after  passing 
through  the  first  resistance  it  meets  with  tho  first  condenser ;  here  it 
finds  two  channels,  namely,  the  condenser  and  the  other  resistance 
coils,  forming  tho  remainder  of  tho  circuit. 

At  the  first  moment  of  time  the  condenser  being  empty,  it  offers  no 
appreciable  opposition  to  the  electric  current  which  commences 
charging  it,  and  therefore  at  tho  first  instant  of  time  nearly  the  whole 
of  the  current  is  spent  in  charging  the  condenser.  No  sooner,  however, 
has  the  charging  commenced  than  this  charge  begins  to  oppose  the 
further  flow  of  electricity  into  it ;  a  current  then  flows  through  the 
second  coil ;  its  strength  is  dependent  upon  the  potential  for  the  time 
being  of  the  charge  in  the  first  condenser.  Example :  suppose  the  poten- 
tial of  tho  battery  to  be  100  (and  its  resistance  practically  nil),  let  the 
resistance  of  each  coil  be  1  at  tho  first  moment  of  time ;  as  the  first 
condenser  offers  no  sensible  resistance,  there  will  be  a  resistance  of  1 
only  in  circuit.  By  Ohm's  law  the  strength  or  volume  of  the  current 
is— 

E  _  100 

1  ~  fi  ""  T 
Where  I  equals  the  volume  of  the  current,  E  the  potential  of  the 
battery,  R  the  resistance  in  circuit. 

After  the  lapse  of  a  very  short  interval  of  time,  the  first  condenser 
will  have  become  charged  to  a  potential  of  T&uth  part  that  of  the 
battery,  viz.  1,  at  that  moment  of  time,  as  thero  will  be  no  sensible 
charge  in  the  second  condenser ;  tho  strength  of  the  current  in  the 
second  resistance  coil  will  be  Tooth  part  the  strength  of  the  current 
that  flowed  through  the  first  coil  at  the  first  moment  of  contact  with 
the  battery. 

Thus  it  will  be  seen  that  no  appreciable  current  will  be  found  in 
any  of  the  other  resistance  coils  until  an  appreciable  charge  has  reached 
tho  condenser  immediately  preceding  it. 

If  ten  galvanometers  were  inserted  in  a  long  cable  at  equal  distances, 
it  would  be  seen  that  fit  the  first  moment  of  contact  with  the  battery, 
the  current  rushing  into'tjie  cable  is  vastly  greater  than  it  is  a  few 
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moments  afterwards:  this  was  illustrated  by  the  speaker  on  the 
large  artificial  cable  represented  in  Fig.  13,  p.  49.  The  ten  galvano- 
meters were  placed  one  above  the  other ;  they  were  carefully  adjusted 
so  that  the  ten  images  which  they  reflected  from  the  electric  lamp  upon 
a  large  white  screen  formed  a  vertical  line  when  no  current  was  passing 
(vide  Fig.  4,  p.  52).     The  galvanometers  were  all  of  equal  sensibility. 

To  familiarize  the  audience  with  the  relative  positions  of  the 
different  galvanometers,  the  speaker  considered  the  upper  part  of  the 
screen  to  be  England,  the  lower  part  the  Antipodes. 

The  1st  station  was  named  Gibraltar,  the  2nd  Malta,  the  3rd  Suez, 
the  4th  Aden,  the  5th  Bombay,  the  6th  Calcutta,  the  7th  Bangoon,  the 
8th  Singapore,  the  9th  Java,  the  10th  Australia. 

No  galvanometer  was  inserted  at  England,  because  the  discharge 
from  the  cable  through  it  to  the  earth  was  so  powerful  that  the 
magnetism  of  the  needle  was  reversed  by  it,  and  the  indications 
rendered  alternately  the  opposite  of  the  truth. 

The  speaker  first  of  all  connected  the  condensers  of  the  artificial 
line  all  together,  and  charged  them  with  a  battery  of  800  cells,  Daniel's 
battery.  On  discharging  them  by  means  of  a  sheet  of  tinfoil,  a  loud 
report,  a  brilliant  flash,  and  an  irregular  hole  five-eighths  of  an  inch 
in  diameter  were  the  result. 

The  second  experiment  consisted  of  connecting  the  800  cells  with 
the  artificial  Atlantic  cable  (Fig.  14,  p.  49),  the  condensers  being 
removed  from  the  resistance  coils.  The  instrument  used  to  show  the 
passage  of  the  electric  current  was  an  exhausted  glass  tube  (a  Geissler's 
tube),  whose  resistance  was  such  that  it  would  just  allow  a  current  of  400 
cells,  Daniel's  battery,  to  pass  from  wire  to  wire.  This  tube  formed  a 
ready  method  of  showing  when  the  charge  at  the  Newfoundland  end 
reached  half  the  potential  of  the  battery.  The  condensers  being 
removed  from  the  artificial  line,  the  current  appeared  instantly  at  the 
Newfoundland  end,  and  disappeared  instantly  upon  the  connection 
between  the  battery  and  the  cable  being  broken  at  the  English  end. 
When  the  condensers  were  applied,  an  interval  of  3  or  4  seconds 
elapsed  before  the  current  appeared ;  and  on  breaking  the  connection 
between  the  battery  and  the  cable  at  the  English  end,  the  current 
still  continued  to  flow  out  of  the  Newfoundland  end  for  many  seconds 
afterwards. 

The  experiment  was  varied  by  connecting  the  cable  to  the  800 
cells,  until,  by  the  brilliancy  of  the  Geissler's  tube  at  Newfoundland, 
the  cable  was  seen  to  be  nearly  fully  charged ;  the  battery  connection 
was  then  broken  at  the  English  end,  and  the  cable  connected  to  the 
earth  by  a  second  Geissler's  tube,  the  latter  shone  with  a  more  brilliant 
light  than  that  at  Newfoundland,  because  the  charge  in  the  cable  near 
the  battery  was  greater  than  at  the  distant  end,  thus  forming  a  rough 
but  very  pretty  illustration  of  Figs.  1  and  2,  pp.  47,  48.  The  tube  at 
the  English  end  continued  to  shine  for  several  seconds  after  the  New- 
foundland end  had  gone  out,  because  the  charge  at  the  end  of  the 
cable  near  the  battery  was  greater  than  at  the  other  end. 

■  2 
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A  smaller  bnttory  was  then  connected  with  the  long,  or  Australian, 
artificial  line.  A  handle  of  rays  from  tho  electric  lamp  was  thrown 
upon  tho  10  galvanometers,  each  of  which  reflected  a  little  non-like 
spot  upon  a  largo  white  screen,  forming,  when  no  current  was  passing 
through  tho  cable,  a  straight  vertical  line  of  luminous  points  (tride 
Fig-  4).  On  depressing  the  right-hand  key,  Gibraltar  almost  im- 
mediately responded,  and  when  it  had  travelled  about  6  feet  over  the 
screen  (vide  Fig.  5),  Malta  began  visibly  to  move. 
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Later  still  the  current*  at  Gibraltar  decreased  considerably  in 
strength  (Figs.  6,  7,  and  8),  owing  to  that  end  of  the  line  becoming 
charged.  Fig.  7  shows  approximately  the  appearance  presented  after 
the  cable  had  been  connected  to  the  battery  14  seconds ;  and  Fig.  8 
shows  the  appearance  after  the  lapse  of  nearly  a  minute,  when  a 
powerful  current  was  rushing  out  at  the  Australian  end.  The 
English  end  was  then  removed  from  the  battery  and  connected 
with  the  earth ;  and  quickly  after  the  Gibraltar  spot  rushed  across 
to  the  other  side  of  the  screen,  indicating  the  rolling  back  of  a  power- 
ful current  to  the  earth.  This  was  followed  shortly  afterwards  by 
Malta,  Suez,  and  Aden.  Bombay  came  only  as  far  as  the  zero  line, 
at  which  time  the  currents  in  the  different  parts  of  the  cable  were 
flowing  out  at  each  end,  leaving  Bombay  neutral.  It  was  some 
*  minutes  before  the  cable  was  sufficiently  discharged  to  allow  the  ten 
spots  to  come  near  enough  to  the  zero  line  to  admit  of  a  second 
experiment. 

The  curves  produced  at  successive  intervals  of  time  while  the 
cable  was  discharging  are  shown  by  Figs.  9, 10,  and  11.  Fig.  9  giving 
the  position  of  the  spots  a  second  after  the  English  end  was  connected 
to  earth ;  Fig.  10,  the  appearance  shown  at  a  still  later  period :  Fig.  11, 
after  the  lapse  of  about  a  minute.  Here  it  will  be  seen  the  cablo 
having  become  charged  had  to  discharge  itself  by  pouring  its  electric 
charge  out  at  each  end. 

When  a  succession  of  signals  was  sent  into  the  cable  by  alternately 
depressing  and  elevating  the  key,  for  periods  of  five  seconds  each, 
these  impulses  produced  waves  which  could  be  distinctly  traced  as  far 
as  Aden,  where  their  individuality  became  lost.  The  little  spots  be- 
yond this  station  showed  the  presence  of  a  current  resulting  from  the 
combination  of  these  successive  waves. 

The  speaker  then  pointed  out  his  methods  of  clearing  the  line  after 
each  impulse.  In  1853-54  he  invented  a  plan  which  consisted  of 
sending  after  each  positive  current,  a  negative  current — a  plan  which 
is  now  generally  used  in  working  submarine  lines. 

In  1856  he  invented  a  plan  which  consisted  of  sending  a  6trong 
positive  current  of  definite  strength  and  duration  into  the  line,  fol- 
lowed by  a  weak  positive  current  to  produce  a  signal ;  this  being 
followed  by  a  strong  negative  retreat,  succeeded  by  a  weak  negative 
current  to  clear  the  line.  This  system  was  a  great  improvement  upon 
the  former. 

In  1858  Professor  Sir  William  Thomson  proposed  the  use  of  three 
currents  of  equal  duration  but  irregular  strength  and  alternate  signs, 
which  produced  a  still  more  rapid  result. 

In  18G3  the  speaker  found,  by  experiments  on  his  artificial  line, 
that  by  using  a  succession  of  four  or  five  currents,  all  of  the  same 
strength  but  varying  in  duration,  greater  rapidity   could  be  secured. 


*  In  Figs.  10  and  11  the  engraver  has  made  a  mistake,  and  inserted  one 
galvanometer  too  many. 
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For  example,  first  a  positive  current,  followed  by  a  negative  o 
longer  duration,  followed  again  by  a  positive  current  of  much  Ira 
duration ;  then  a  shorter  negative  current,  and  that  again  by  a  verj 
short  positive  current,  produced  a  succession  of  positive  and  ncgativi 
waves  throughout  the  lino  :  the  result  of  all  of  which  was  at  the  Ait 
stralian  end  one  very  small  positive  wave,  perfectly  distinct,  the  rest  a) 
the  lino  being  left  almost  immediately  entirely  free  from  all  traces  ol 
electricity,  ready  for  the  production  of  a  second  signal. 
This  is  shown  by  Fig.  12. 


z 

A3 
D 

: 

0 

ll 

+ 

-A 

I 

-J 

r 

G 

i-H 

'■ 

a 

L 

i 

z 

I   4 
B   < 

c 

n  a 

k    u 

=  o 

> 
d 

j 

e 

a 

c 

< 
> 
< 

J 

1867.]  on  the  Atlantic  Telegraph.  55 

In  the  previous  experiments,  when  an  impulse  had  been  given  the 
charge  had  to  find  its  way  to  the  earth  through  the  two  ends  of  the 
cable. 

By  experiments  on  actual  cables  the  speaker  had  at  an  early  date 
ascertained  that  the  rate  of  transmission  through  a  cable  is  inde- 
pendent of  the  potential  or  intensity  of  the  battery,  and  that  it  varies 
inversely  as  the  square  of  the  length  of  the  cable,  excepting  in  the  case 
of  very  short  cables  thickly  covered  with  iron,  where  the  retardation 
caused  by  the  magnetic  inertia  of  the  iron  forms  an  item  of  some  im- 
portance ;  and  in  the  foregoing  experiments  it  has  been  assumed,  which 
is  really  the  case  with  such  a  cable  as  the  Atlantic,  that  this  retardation 
is  too  small  to  be  worthy  of  consideration. 

Professor  Thomson,  by  mathematical  reasoning,  has  calculated,  and 
the  artificial  cable  has  demonstrated,  that  the  strength  of  the  current 
at  the  distant  end^varies,  as  shown  in  Fig.  1,  p.  47 ;  and  that  with  a  given 
potential  or  intensity  thero  is  no  possible  means  of  expediting  this 
rate  of  arrival :  and  therefore,  in  order  to  get  high  speed,  highly 
sensitive  instruments  must  be  used,  and  so  soon  as  a  visible  indication 
has  been  produced  at  the  distant  end,  the  cable  must  be  cleared  of  its 
charge,  so  as  to  admit  of  a  second  impulse  or  signal  being  given. 

The  instrument  known  as  the  curb  key  seems  to  carry  this  to  the 
utmost  limit,  and  its  success  depends  upon  the  following  consider- 
ation : — If  the  line  be  cut  in  half,  the  speed  of  transmission^  increased 
four  times.  If  now  one-half  the  cable  were  made  positive  while  the 
other  half  was  made  negative,  it  is  clear  that  while  the  first  quarter  of 
the  cable  which  was  negative  is  discharging  to  earth,  and  while  the 
last  quarter  of  the  cable  which  was  positive  is  discharging  to  earth, 
the  two  intermediate  quarters  would  discharge  by  rushing  into  each 
other :  consequently  the  electricity  having  a  shorter  distance  to  travel, 
the  discharge  is  effected  much  more  quickly. 

Fig.  12  represents  the  currents  in  the  cable,  after  a  curbed  signal 
of  five  currents  producing  three  positive  and  two  negative  waves  in 
the  cable,  the  first  positive  current  to  produce  the  signal  was  followed 
by  a  longer  negative  current  to  cut  off  the  upper  portion  of  the  curve 
No.  1,  Fig.  1,  p.  47.  This  would  have  produced  a  powerful  negative 
signal,  therefore  a  shorter  positive  current  was  sent  into  the  line  to 
curb  it,  and  that  followed  by  a  still  shorter  negative,  followed  by  a 
very  short  positive. 

These  five  alternate  currents  were  all  sent  into  the  line  before 
any  signal  was  visible  at  Australia. 

Almost  immediately  after  the  appearance  of  the  current  at  the 
Australian  end  the  alternate  waves  neutralized  each  other,  and  the 
ten  spots  fell  rapidly  upon  the  zero  line,  showing  that  the  cable  was 
discharged  throughout. 

The  little  curve  8'  Fig.  1,  p.  47,  represents  a  signal  curbed  down  to 
nearly  1  per  cent,  of  the  original  wave,  while  the  big  curve  3  represents 
the  short  signal  of  the  ordinary  Morse  key,  the  latter  requires  at  least 
18  a  for  its  formation,  while  the  former  can  be  made  in  from  24  to  3  a. 
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There  seema  a  definite  limit  beyond  which  tho  curbing  cannot  be 
carried  with  advantage.  The  eye  of  the  operator  can  read  the  signals 
even  when  considerably  distorted  ;  and  when  the  curbing  is  carried 
below  the  tinth  part  of  the  original  wave,  which  the  speaker  has  done 
upon  the  Atlantic  cable  itself,  an  interval  of  time  has  to  be  left 
between  each  signal  to  admit  of  their  being  individualised ;  i.e.  the 
signals  will  not  bear  distortion,  and  tho  line  must  be  more  thoroughly 
cleared  before  a  second  signal  which  shall  be  distinct  can  be  made  to 
follow. 

Tho  speaker  explained  the  plan  he  had  invented   in  1862  for 
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expediting  the  signals  through  the  cable,  and  for  cutting  off  the  dis- 
turbances arising  from  the  Aurora  Borealis,  and  which  were  generally 
designated  "  magnetic  storms." 

These  phenomena  are  not  unfrequontly  experienced  simultaneously 
over  the  greater  part  of  the  earth,  and  are  sometimes  so  powerful  that 
the  earth  at  Ipswich  has  been  found  to  be  +  or  —  to  the  earth  in 
London  to  the  extent  of  140  cells  Daniel's  battery.  These  currents  do 
not  change  suddenly  like  electric  signals,  but  go  gradually  over  from 
positive  to  negative.  The  speaker  had  constructed  an  apparatus  {vide 
Fig.  15)  for  imitating  these  currents.  An  annular  trough  containing 
sulphate  of  zinc  solution  was  connected  at  opposite  points  to  the  earth 
and  to  the  cable  (through  the  telegraph  key).  A  fly-clock  rotated 
the  crossbar  as  shown  by  the  arrow  in  the  diagram.  From  this  cross- 
bar depended  two  pieces  of  amalgamated  zinc  connected  with  the 
two  poles  of  the  battery,  when  the  latter  were  at  right  angles  to  the 
line  connecting  the  cable  with  the  earth,  viz.  as  in  the  figure,  no 
current  flowed  into  the  cable.  When  this  crossbar  had  moved  90° 
from  the  position  shown  in  the  diagram,  a  positive  current  was 
flowing  into  the  cable ;  on  its  moving  180°  more  the  current  had 
changed  sign  and  reached  its  maximum  negative.  This  apparatus 
performed  the  half  revolution  in  40  seconds.  The  speaker  stated  that 
he  had  never  seen,  in  all  his  experience,  an  earth  current  change  from 
piftTimnm  positive  to  maximum  negative  in  a  shorter  period  than  60 
seconds,  and  that  only  once ;  the  change  was  often  spread  over  an 
interval  varying  from  five  to  ten  or  more  minutes. 

At  the  Newfoundland  end  of  the  cable,  a  reflecting  galvanometer 
was  placed  between  the  earth  and  the  cable,  whilst  a  second  galvano- 
meter was  placed,  on  Mr.  Yarley's  plan,  between  a  condenser  and  the 
cable,  the  other  pole  of  the  condenser  being  connected  with  the  earth. 
The  moment  a  current  began  to  arrive  at  the  distant  end,  it  was  shown 
upon  both  galvanometers ;  but  as  soon  as  it  had  acquired  a  uniform 
strength,  the  cendenser,  being  charged  to*  that  strength,  cut  off  all 
further  electricity,  and  the  second  galvanometer  returned  to  zero, 
while  the  first  one  remained  deflected.  The  amount  that  the  second 
galvanometer  was  deflected  did  not  depend  at  all  upon  the  amount  of 
current  passing  through  the  cable,  but  simply  upon  the  rate  at  which 
its  potential  varied,  and  according  to  which  the  condenser  charged  or 
discharged  itself.  The  earth  currents  sent  the  ordinary  galvanometer 
image  running  from  right  to  left  twenty  or  thirty  feet,  right  off  the 
screen  in  fact,  but  the  other  one  simply  moved  three  inches,  because 
the  rate  of  variation  of  potential  being  slow  the  condenser  charged 
slowly. 

The  effect  of  the  condenser  on  the  latter  galvanometer  is  at  the 
first  moment  to  offer  no  resistance  to  the  passage  of  the  electric  current. 
Suppose  a  current  of  a  force  1  to  arrive  at  the  distant  end,  the  current 
splits,  part  running  through  the  galvanometer  D  to  the  condenser,  the 
other  through  the  galvanometer  or  resistance  B  to  the  earth. 

As  soon  as  the  condenser  becomes  charged  to  the  power  1  the 
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current  in  D  ceases,  if  now  the  current  increase  from  1  to  2  the 
condenser  E  will  become  charged  to  2,  and  while  charging  the  gal- 
vanometer D  will  indicate  the  presence  of  a  current ;  but  as  soon  as 
the  condenser  is  charged  with  the  same  power  as  the  cable,  the  current 
in  D  ceases.  Thus  then  the  galvanometer  and  condenser  D,  E  do 
not  measure  the  strength  of  the  current  flowing  through  the  cable, 
but  simply  indicates  alterations  of  the  potential. 

Suppose  the  cable  and  condenser  charged  to  a  potential  of  100,  D 
would  show  no  current ;  if  anything  suddenly  augmented  this  potential 
to  101  the  condenser  would  be  charged  to  101,  and  the  variation  of 
potential  would  be  indicated.  Suppose  now  that  the  charge  were 
decreased  from  100  to  99  the  potential  of  the  condenser  would  be 
reduced  to  99  by  discharging  itself  into  the  cable,  producing  a 
current  in  the  opposite  direction  of  a  power  of  1. 

Thus  then  the  strength  of  the  current  in  D  is  entirely  dependent 
upon  the  increment  or  decrement  of  potential,  and  not  upon  the 
strength  of  the  current  flowing  through  the  cable.  Suppose  now  an 
earth  current  of  a  power  of  100  to  pass  from  +  to  —  in  60  seconds. 
A  signal  through  the  Atlantic  cable  is  produced  in  about  a  quarter  of 
a  second. 

If  the  strength  of  the  signal  be  but  A  of  that  of  the  earth  current, 
yet  as  the  rate  of  variation  is  240  times  greater,  the  signal  while  it 
lasts  will  be  24  times  as  strong  as  the  earth  current,  and  so  the  weak 
rapid  current  produces  a  signal,  while  the  strong,  by  slowly  changing 
earth  currents,  produces  one  too  feeble  to  interfere. 

The  same  disposition  of  apparatus  greatly  accelerates  the  speed  of 
signalling,  and  affords  a  near  approach  to  the  rapidity  attained  by  the 
curb  key ;  this  contrivance,  however,  can  be  used  with  advantage  in 
conjunction  with  the  curb  key. 

The  speaker  demonstrated  this  by  sending  signals  through  the 
artificial  Atlantic  cable,  from  a  very  much  weaker  battery  than  that 
used  to  produce  the  earth-currents ;  howevor,  the  rate  of  augmentation 
of  potential  of  these  small  signal  waves  being  much  greater  than  the 
rate  of  variation  of  potential  of  the  great  earth  current  wave,  sharp 
clear  signals  were  produced  upon  the  second  galvanometer.  So  by 
this  extremely  simple  contrivance  the  small  ripples  upon  the  back  of 
the  big  earth  current  wave  were,  practically  speaking,  entirely  detached, 
and  clear  signals  produced,  which  despised  altogether  tho  great  swell 
which  had  rendered  the  first  instrument  altogether  useless.  A  number 
of  words  were  spelt  through  the  cable  to  illustrate  the  fact. 

In  concluding,  the  speaker  remarked  that  it  was  upon  the  data 
furnished  by  this  artificial  cable  that  he  designed  the  present  Atlantic 
cables,  and  that  without  it  he  could  not  then  havo  guaranteed  eight 
words  per  minute  without  a  core  whose  conductor  and  insulator  were 
each  60  per  cent,  greater  than  tho  present,  which  consisted  of  3001b. 
of  copper  and  4001b.  of  gutta  percha  to  the  mile ;  and  he  added  that 
it  was  at  least  some  reward  for  the  years  of  arduous  labour  he  had 
had  in  connection  with  this  great  enterprise  to  find  that  everything  ho 
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bad  predicted  as  to  the  capabilities  of  the  cables  bad  been  entirely 
verified. 

[Samples  of  the  1865  and  1866  cables  were  exhibited,  also  a  piece 
of  the  cable  which  had  been  for  more  than  a  year  two  miles  below  the 
surface  of  the  Atlantic  Ocean.] 

The  speaker  gratefully  acknowledged  the  kindness  of  Dr.  Tyndall, 
who  had  provided  him  with  the  electric  light  and  his  assistant  to 
manage  it. 

[O.F.V.]     . 


WEEKLY  EVENING  MEETING, 
Friday,  February  22,  1867. 

Sib  Henby  Holland,  Bart.  M.D.  D.G.L.  F.B.S.  President, 

in  the  Chair. 

Mokoubb  D.  Conway,  Esq. 
On  New  England. 

The  men  and  women  who  left  England  in  the  dawn  of  the  seven- 
teenth century  and  landed  on  Plymouth  Bock  represented  the  filtered 
strength  of  the  English  people.  It  was  because  they  feared  they 
would  in  Holland,  where  they  first  sought  refuge  from  persecution, 
lose  their  English  name  and  speech,  that  they  resolved  to  seek  the 
shores  of  America,  where  their  wild  home  was  rightly  named  New 
England.  They  were  102  in  number — 28  women — who  landed  at 
Plymouth  in  1620,  and  there  was  not  a  feeble  heart  nor  a  blockhead 
among  them.  Their  wildly-cradled  infant  colony  was  born  on  Christ- 
mas Day,  but  they  toiled  through  every  hour  of  it,  though  the  bitter 
cold  could  not  induce  them  to  work  on  their  cabins  the  previous  day, 
it  being  Sunday.  The  first  years  of  the  colony  were  lowly  enough, 
the  hand  to  hand  struggle  with  nature  for  subsistence ;  but  from  this 
was  evolved  national  character. 

The  section  in  which  the  pilgrims  settled  has  a  distinctive  physical 
character.  After  describing  at  considerable  length  the  features  of  the 
country  and  its  great  beauties,  the  speaker  referred  to  the  Indians,  of 
whom  the  pilgrims  found  about  50,000  in  New  England  when  they 
landed.  The  first  impression  of  the  Indian  is  attractive,  on  account  of 
his  fine  physical  appearance ;  but  the  near  view  reveals  his  repulsive 
characteristics.    The  power  of  his  senses  has  not  been  exaggerated. 
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He  is,  however,  a  brainless  savage,  by  no  means  the  right  figure  for  a 
central  position  in  America.  The  Puritans  began  by  being  scrupu- 
lously just  to  the  Indians  ;  but  the  Indian  could  not  be  made  to  under- 
stand an  English  bargain.  He  thought  that  a  thing  reverted  to  him 
when  what  he  had  received  for  it  was  exhausted.  This  led  to  the  Indian 
wars.  But  the  Indians  were  hardly  so  heavy  a  trial  to  the  Puritans 
as  the  power  from  which  they  had  fled  in  England,  but  which  found 
them  out  so  soon  as  they  had  any  success.  The  king  gave  their  lands 
to  his  favourites,  and  they  had  to  share  whatever  they  could  wring 
from  their  hard  soil ;  and  even  this  was  not  so  hard  on  them  as  the 
effort  made  to  crush  their  religion ;  the  noblemen  thinking  it  a  dis- 
grace that  their  American  estates  should  be  worked  by  a  party  of 
vulgar  "  separatists."  Neither  they  nor  their  religion  was  crushed, 
however.  At  the  end  of  twenty  years  there  had  been  drawn  thither 
20,000  people,  and  they  were  building  good  ships,  and  had  a  good 
trade.  They  were  distributed  into  the  settlements  which  were  the 
germs  of  the  six  New  England  States  by  natural  forces.  The  barren- 
ness and  the  fine  water-power  of  Massachusetts — the  mother  state — 
decided  that  it  should  be  a  manufacturing  state ;  these  parties  went 
out  to  the  grazing  uplands  of  New  Hampshire  and  Vermont,  and  to 
the  meadows  of  Connecticut,  to  got  wool  and  grain  for  those  mills  of 
Massachusetts.  Bhodo  Island  was  planted  by  Koger  Williams,  an 
eloquent  Oxonian,  who  fled  from  the  persecutions  of  Laud,  and  was 
too  much  of  a  Radical  for  the  Puritans  to  tolerate.  The  State  of 
Maine  was  settled  through  the  free  trade  that  was  opened  by  the 
French  of  NouveUe  France  in  the  north  with  the  Boston  colony ;  the 
first  of  the  long  column  of  benefactions  on  which  rests  what  is  called 
the  traditional  friendship  between  America  and  France.  The  hostility 
of  the  Indians  made  every  inland  migration  a  costly  one. 

In  1643  the  various  settlements  formed  the  first  American  Con- 
federation. It  was  partly  a  mutually  defensive  union,  but  mainly  a 
religious  one.  The  body  which  represented  it  was  a  Council  in  which 
each  settlement,  however  large  or  small,  had  two  members;  and  in 
this  respect  it  was  the  original  senate.  There  was  no  President,  but 
only  a  Moderator  chosen  by  the  Council.  They  adopted  the  Mosaic 
code  as  their  constitution ;  but  it  is  not  true,  as  is  generally  supposed, 
that  their  laws  were  unusually  rigorous.  Whilst  England  and  Scot- 
land had  as  yet  thirty  offences  punishable  with  death.  New  England 
had  only  ten.  It  was  in  small  affairs,  and  in  the  interference  with  private 
conduct,  that  Puritan  rigour  was  felt  chiefly,  although  they  were 
guilty  of  cruelties  in  the  instances  of  the  Quakers  and  other  heretics. 
However,  those  u  heretics  "  were  never  punished  for  heresy  with  any- 
thing beyond  banishment  from  the  colony ;  the  scourges,  and  the  four 
memorable  executions  of  Quakers,  were  punishments  for  the  defiance 
of  magistrates  involved  in  repeated  returns,  when  death  had  been 
named  as  the  penalty  for  the  final  return.  At  this  time  New  England 
was  a  religious  aristocracy.  The  preachers  were  also  the  magistrates ; 
only  Church  members  could  vote.    This  had  hardened  into  a  despotic 


1667.]  on  New  England.  61 

regime.  But  a  silent  power — the  free  school — had  even  at  that  early 
period  been  set  in  motion,  which,  when  the  persecution  of  the  witches 
came  on,  was  shown  to  have  undermined  the  clerical  power.  The 
people  released  the  condemned  witches,  and  swept  out  of  pulpits  and 
from  benches  the  judges  and  preachers  concerned  in  their  prose- 
cution. Amid  this  revulsion  at  the  close  of  the  seventeenth  century, 
the  authority  of  the  clergy  in  New  England  closed,  and  the  era  of 
religious  liberty  began. 

The  period  stretching  from  the  year  in  which  the  last  witch  was 
executed — 1693 — to  the  Revolution  of  Independence  was  one  of  great 
intellectual  and  moral  growth.  Under  the  masterly  neglect  of  the 
Duke  of  Newcastle,  to  whom  the  administration  of  that  region  was  so 
long  committed,  the  New  World  matured  its  powers,  and  the  colonies 
silently  became  Republics.  The  Revolution  was  but  the  publication 
of  a  fact.  It  was  a  victory  in  which  both  sides  won,  and  decided  that 
the  New  World  is  not  to  be  a  duplicate  of  the  Old. 

Independence  came  upon  New  England  like  the  breath  of  a  tropic. 
Its  industry  had  always  been  great.  The  cultivable  land  is  only 
about  the  size  of  England,  but  its  products  for  1866  may  bo 
represented  by  250,000,000/.  The  single  state  of  Massachusetts 
is  a  flint  not  larger  than  three  English  counties,  yet  out  of  it  came 
last  year  100,000,000/.,  which  is  thrice  as  much  as  in  1845.  The 
taxable  property  of  that  state,  apart  from  all  public  institutions,  is 
over  a  thousand  millions  of  dollars. 

One-third  of  the  American  people  are  of  New  England  descent. 
Another  third  is  of  other  English  settlements.  It  is  undeniable  that 
the  races  of  the  old  world  have  been  modified  in  the  now,  and  the 
English  more  than  others.  "  The  full  and  florid  habit,"  says  Dr. 
Palfrey,  "  the  moist  skin,  the  curly  hair,  and  sanguine  temperament  so 
general  in  Great  Britain,  have  in  America  been  replaced  by  a 
comparatively  slender  form,  dry  skin,  straight  hair,  and  bilious  or 
nervous  temperament."  With  more  flesh  than  the  American,  the 
Englishman  has  not  quite  so  large  a  skeleton.  Agassiz  has  admitted 
this  fact,  though  it  is  unfriendly  to  his  theories.  Haller  gave  the 
average  height  of  the  European  man  as  5  feet  5  inches  ;  the  measure- 
ments of  New  England  soldiers  in  fthe  late  war  show  them  to  bo 
5  feet  8  inches.  The  New  Englander  reaches  his  maximum  of  size 
later  in  life  than  the  European.  There  is  doubtless  a  slight  infusion 
of  the  Indian  characteristics  in  the  American.  These  traits  are 
possibly  physiognomical.  In  religion,  in  education,  the  skeleton  or 
type  is  large,  though  not  yet  completely  filled  out.  With  less  scholar- 
ship than  Europe,  America  has  a  better  school-system.  New  England 
may  be  called  a  large  university.  Her  system  of  education  has  been 
filtered  through  230  years,  and  is  so  complete  that  it  is  impossible  to 
find  a  healthy  native  of  the  country  uneducated.  In  coming  in  contact 
with  the  people  fresh  from  work  and  reality  the  colleges  havo  lost 
much  of  their  monasticism,  and  science  has  become  paramount  in  them. 
This  enthusiasm    for    scientific   studies    has    influenced    literature. 
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Nearly  all  the  men  of  letters  in  America  are  of  New  England.  Forty 
years  ago  American  thought  began  to  cease  to  be  the  refrain  of  English 
thought,  and  to  assume  those  distinctive  characters  which  are  best 
represented  in  transcendentalism.  The  transcendental  movement  has 
revolutionized  the  beliefs  and  politics  and  institutions  of  America 
more  than  anything  else.  It  was  a  kind  of  spiritual  Positivism. 
When  Emerson — whom  the  future  will  call  the  father  of  his  country 
rather  than  Washington,  whoso  birthday  America  is  now  (Feb.  22) 
celebrating — first  held  up  his  torch,  the  old  imported  order  still  stood 
in  mountains  of  ice  around  him ;  but  his  torch  was  multiplied,  con- 
flagrations came  of  it,  and  the  hills  melted.  Something  like  a  deluge 
has  followed;  but  those  who  shall  see  the  solid  land  again,  shall 
find  that  this  was  only  the  needed  irrigation,  before  it  should  put  forth 
faiths  fresh  as  prairie  grass,  and  states  stabler  than  mountains. 

[M.D.  0.] 
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A8H8TAXT    SUl'KRiafTKXDBNT,    ROYAL   LABORATORY. 

On  Military  Breech-Loading  Small  Arms. 

Those  who  believe  that  breech-loading  rifles  formed  no  part  of  the 
equipment  of  the  British  army  until  the  present  or  the  past  year— that 
they  sprang  directly  out  of  the  performances  of  the  needle-gun  in  the 
late  Bohemian  campaign,  will  learn  with  surprise  that  not  only  had 
breech-loading  been  determined  upon  for  our  infantry  nearly  three 
years  ago,  and  the  actual  pattern  of  arm  that  is  now  in  the  hands  of 
a  large  proportion  of  our  troops  decided  upon  a  fall  month  before 
Eoniggratz  was  fought,  but  that  two  regiments  of  English  cavalry  were 
provided  with  a  breech-loading  carbine  ten  years  ago.  If  we  examine 
one  of  theso  Sharp's  carbines,  as  they  are  called,  we  notice  at  once  an 
objectionable  feature,  viz.  that  the  ignition  is  effected  by  means  of  a 
percussion  cap.  Then  again,  the  arm  is  provided  with  no  effective 
arrangement  for  checking  the  escape  of  gas.  So  great  is  this  escape, 
that  a  handkerchief  laid  over  the  breech  at  the  moment  of  firing  will 
be  burnt  through  and  through ;  whereas  with  a  close-fitting  arm  or 
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cartridge  the  handkerchief  should  not  be  even  soiled  by  the  discharge. 
This  defect  is  aggravated  by  the  quantity  of  powder,  which  in  damp 
weather  adheres  outside  the  breech  after  loading.  The  back  end  of 
the  cartridge  is  cut  off  thus,  and  the  powder  sprinkled  about.  From 
these  two  causes,  the  firer's  face  is  generally  flecked  and  burnt  in 
firing ;  while  the  escape  of  gas  tends  also  to  foul  and  clog  the  breech 
action,  which  exposes  large  friction  surfaces,  and  to  render  the  arm 
more  difficult  to  open  as  each  round  is  fired.  For  these  reasons :  the 
retention  of  the  percussion  cap,  the  liability  to  an  escape  of  gas,  the 
flash  occasioned  also  by  the  spilt  powder,  and  the  difficulties  which 
often  arise  in  loading,  this  system  is  extremely  imperfect.  And  yet 
this  system  did  undoubtedly  reflect  to  some  extent  the  state  of  feeling 
which  prevailed  in  this  country  on  the  subject  of  military  breech- 
loading  arms  a  few  years  ago.  For  at  that  time  this  question  was 
regarded  exclusively  as  a. cavalry  question,  and  quick  shooting  was 
scarcely  thought  desirable  for  a  cavalry  soldier 

Between  1857  and  1861  three  other  breech-loaders  were  introduced 
for  experimental  cavalry  use.  One  of  these,  the  Green's  carbine, 
even  in  that  easy  age,  never  obtained  a  footing  as  a  recognized  service 
arm.  But  the  Terry's  carbine,  which  I  have  here,  was  introduced  to 
some  extent,  and  is  not  yet  entirely  obsolete;  and  the  Westley 
Richards'  carbine  has  found  justly  more  favour.  In  1861  this  arm 
was  definitively  adopted.  It  is  a  great  improvement  on  the  others 
which  I  have  named.  It  is  an  accurate  arm ;  it  fires  six  or  seven 
rounds  a  minute  with  comparative  ease  and  certainty ;  it  spills  no 
powder ;  it  does  not  burn  the  firer's  face  or  facings.  Until  the  recent 
competition,  Westley  Richards'  was  accepted  as  the  best  type  of  mili- 
taryWr-loadingV  known  in  thi/country,  and,  witf  its  many 
objections,  I  would  still  pronounce  it  one  of  the  most  effective  capping 
breech-loaders  which  has  been  produced. 

But  we  have  now  to  consider  the  subject  in  a  broader  light.  It 
had  been  treated  hitherto  from  one  narrow  point  of  view — as  almost 
exclusively  a  cavalry  question.  We  had  considered  only  arms  of 
which  the  percussion  cap  formed  a  material  element,  and  a  capping 
arm  may  be  pronounced,  with  our  present  knowledge  and  for  our 
present  purpose,  only  half  a  breech-loader.  Thus  far,  then,  we  may 
justly  say  that  breech-loading  had  been  cramped  within  contracted 
limits  and  misunderstood.  But  a  couple  of  years  or  so  ago  the 
whole  aspect  of  the  case  altered.  As  by  a  revelation  we  learnt 
then  what  breech-loading  really  meant,  and  of  what  development  the 
system  was  capable.  It  was  a  great  epoch  for  breech-loading,  its 
Hegira,  it  might  be  called,  when  it  was  discovered  that  the  objections 
to  cartridges  containing  within  themselves  the  means  of  ignition  had 
in  reality  no  force.  If  we  are  to  trace  the  stagnation  which  had  hung 
over  the  question  to  a  definite  cause,  we  may  confidently  place  our 
finger  upon  these  objections. 

When  men  said,  and  the  ablest  and  most  experienced  military  men 
did  say,  and  our  military  authorities  laid  it  down  as  a  fundamental 
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axiom,  that  cartridges  containing  their  own  ignition  were  not  ad* 
missible  for  military  we,  what  they  meant  was:  1st,  That  such 
cartridges  wore  more  liable  than  others  to  accidental  explosion ;  and 
2nd,  That  in  the  event  of  the  explosion  of  one  cartridge,  the  contents 
of  the  barrel  were  liable  to  be  all  exploded  en  masse,  and  so  to  com- 
municate from  barrel  to  barrel.  If  we  grant  these  premises,  the 
conclusion  is  just.  Ammunition  which  is  liable  to  explode  in  bulk, 
and  thus  not  only  to  commit  injury  and  dangerous  havoc  for  the 
moment,  but  by  its  explosion  to  deprive  the  troops  dependent  upon  it 
of  their  supplies,  is  clearly  not  admissible  for  military  use.  But 
when,  mainly,  I  believe,  by  reason  of  the  explosion  of  gunpowder  at 
Erith  two  years  and  a  half  ago,  men's  minds  were  directed  towards 
explosions  generally,  an  experiment  was  made  to  determine  the 
liability  of  small-arm  cartridges  —  not  breech-loading  cartridges  in 
this  case,  but  the  ordinary  muzzle-loading  Enfield  rifle  cartridges,  bell 
and  blank— to  explode  in  bulk,  and  it  was  established  not  only  that 
the  explosion  of  a  single  cartridge  in  a  barrel  was  not  communicated 
to  the  rest,  but  that  the  explosion  of  a  number  of  cartridges,  or  even 
of  i  lb.  of  loose  powder,  although  it  might  burst  open  and  destroy  the 
barrel,  would  not  occasion  a  general  explosion.  Although  the  bearing 
of  this  fact  upon  the  question  of  breech-loading  was  not  immediately 
perceived,  it  furnished  the  opening  through  which  presently  a  flood 
of  strong  new  light  rushed  in  upon  the  subject. 

This  effect  proceeds  from  the  same  causo  as  that  which  operates 
in  rendering  the  well-known  Gale  gunpowder  inexplosive.  Mr.  Gale 
enclosed  each  grain  of  his  powder  in  an  incombustible  envelope  of 
finely-powdered  glass  or  bone-dust.*  In  a  barrel  of  cartridges  we 
have  not  each  grain  enveloped,  but  a  number  of  grains,  so  many  as 
compose  one  charge,  in  a  non-combustible  case.  I  have  tried  over 
and  over  again  to  explode  a  barrel  of  the  service  breoch-loading 
cartridges  without  success.  I  have  several  times  fired  one  cartridge 
in  a  barrel  without  igniting  the  remainder.  I  have  firod  ten  cartridges 
at  once,  and  no  more  have  fired.  I  have  gono  further,  and  placed 
the  barrel  inside  an  iron  cylinder,  tightly  screwed  down,  and  have 
exploded  £lb.  of  powder  in  the  midst  of  the  700  cartridges  which  it 
contained ;  and  although  the  screws  were  broken  and  the  lid  of  the 
cylinder  was  blown  off  with  violence,  and  some  of  the  cartridges 
were  strangely  distorted,  nono  of  tho  cartridges  were  ignited.  Ex- 
periments not  less  exhaustive  have  established  also  the  non-liability 
of  these  cartridges  to  separate  accidental  ignition,  by  concussion  or 
othorwise.  In  this  way  wo  dispose  of  tho  objections  which  have  been 
entertained  against  cartridges  containing  their  own  ignition,  and  es- 
tablish thoir  admissibility  for  military  service 

Betwoen  1859  and  1864,  no  less  than  twenty-six  different  plans  of 

*  The  Galo  process  for  rendering  gunpowder  non-explosive  by  mixing  it  with 
four  parts  of  powdered  gluss,  was  described  and  illustrated  by  experiments.  See 
Professor  Abel's  lecture  on  gunpowder,  K.  I.  Proceedings,  vol.  iv.  p.  618. 
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breech-loading  were  proposed.  For  sporting  purposes,  too,  breech- 
loading  guns  had  found  their  way  into  very  general  use,  and  in 
America  they  were  being  largely  applied  experimentally  for  military 
service.  But  always  this  shadow  hung  over  the  question ;  that  car- 
tridges containing  their  own  ignition  were  not  generally  considered 
admissible  for  military  use.  And  as  breech-loaders  not  adapted  for 
such  ammunition  presented  comparatively  few  advantages  except  for 
cavalry,  for  whom  as  I  have  explained  quick  firing  was  not  specially 
desired,  and  as  the  development  of  the  system  was  thus  stunted,  the 
question  was  in  fact  argued  in  a  circle,  and  the  subject  remained  up  to 
this  period  practically  at  a  stand-still. 

But  when  once  this  fatal  restriction  and  limitation  were  removed — 
we  began  at  once  to  make  real  progress  in  the  matter.  It  was  no 
longer  a  question  merely  of  an  arm  which  presented  certain  minor 
facilities  of  manipulation — of  an  arm  somewhat  handier  to  load  on 
horseback— but  it  became  obviously  a  question  of  an  arm,  which 
would  multiply  the  fire  of  an  army  three  or  fourfold — which,  pro- 
perly considered,  would  place  as  it  were  three  or  four  rifles  in  each 
soldier's  hands. 

In  the  course  of  the  Dano-German  war  the  value  of  the  famous 
needle-gun,  or  rather  of  the  system  of  which  the  needle-gun  was  an 
indifferent  exponent,  became  in  the  eyes  of  observant  men  fully 
established.  So  obvious  was  the  teaching  of  this  campaign,  that  our 
then  Secretary  of  State  for  War,  Lord  De  Grey,  appointed  forthwith  a 
committee,  with  General  Russell  as  president,  to  "  report  upon  the 
advisability  of  arming  the  infantry,  either  in  whole  or  in  part,  with 
breech-loaders."  After  four  meetings  this  committee  reported, 
abstractedly  and  without  reference  to  any  particular  system,  that  it 
would  be  desirable  to  arm  the  whole  of  the  infantry  with  breech-loading 
rifles ;  and  on  the  day  on  which  this  report  was  drawn  up,  the  11th 
July,  1864,  the  death-warrant  of  muzzle-loading  rifles  for  the  use  of 
the  British  soldiers  may  be  regarded  as  having  been  signed. 

The  next  question  to  be  considered  was,  how  to  give  effect  to  the 
recommendations  of  the  committee.  This  question  admitted  of  con- 
sideration in  two  ways  :  either  by  itself  with  a  view  to  ascertain  the 
speediest  and  cheapest  mode  of  placing  a  breech-loader  in  the  hands 
of  the  troops,  or  in  combination  with  other  questions  connected  with 
rifles,  such  as  the  best  size  of  the  bore  and  the  best  mode  of  igniting 
the  cartridge,  and  with  a  view  to  determine  what  would  be,  in  all 
respects,  the  most  perfect  arm  for  the  use  of  the  infantry.  The  first 
mode  of  dealing  with  the  question  would  have  tho  advantage  of  celerity, 
the  secon4  of  completeness.  But  why  not  have  combined  the  two, 
by  arming  the  British  army  immediately  with  the  needle-gun  ?  Here 
was  a  complete  system — a  good  system  perhaps,  some  will  say,  ready- 
made  to  our  hand ;  a  system  too  which  had  had  the  advantage  of 
being  tried  on  actual  service,  and  which,  if  economical  considerations 
were  to  have  any  weight,  had  been  adopted  by  a  nation  very  much  less 
able  to  bear  heavy  expenditure  than  ourselves.     I  have  here  a  needle- 
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gun,  which  will  I  think  answer  thin  question  for  itsell  Take  the 
gun  as  it  stands,  and  tell  me — those  of  yon  at  leasts  and  I  doubt  not 
there  are  many  who  are  accustomed  to  handle  the  beautiful  weapons 
which  England  puts  into  the  hands  of  her  soldiers  and  her  volunteers 
and  her  sportsmen — tell  me  if  this  clumsy  rifle  is  one  which  yon 
would  have  cared  to  see  issued  to  our  troops.  But  why  not,  yon  will 
say,  improve  the  workmanship  of  the  piece — make  it  lighter,  balance 
it  better,  alter  its  bore  if  need  be,  or  its  mode  of  rifling,  improve 
its  mechanism,  and  when  you  have  suited  it  to  the  more  advanced 
requirements  of  this  country,  adopt  it? 

Need  I  point  out  to  you  that  such  a  measure  would  have  disposed 
of  the  first  argument  for  the  adoption  of  the  arm.  We  are  no  longer 
in  this  case  adopting  a  system  ready  made  to  our  hands.  We  are  in 
fact  creating  one.  We  are  adopting  a  breech  mechanism,  merely  one 
element  of  a  system,  nothing  more.  And  but  little  knowledge  of  the 
subject  was  needed  to* instruct  us  as  to  the  extremely  defective  nature 
or  principle  of  this  breech  mechanism.  If  I  handle  the  needle-gun 
you  will  see  that  it  is  comparatively  slow.  It  is  clumsy  and  imperfect, 
in  other  ways.  The  needle  with  which  the  cartridge  is  ignited  is 
very  liable  to  become  bent  or  injured.  I  shall  be  reminded  that  these 
needles  are  easily  replaced,  that  each  Prussian  soldier  carries  two  or 
three.  But  this  injury  and  replacing  of  a  needle  temporarily  disables  the 
arm,  and  constitutes,  it  must  be  admitted,  an  objection.  Then  again,  the 
gas-check  is  not  permanently  reliable.  The  whole  escape  is  thrown  upon 
the  arm,  at  the  junction  of  the  breech,  none  upon  the  cartridge ;  and 
even  if  we  set  out  with  a  tight  fit,  the  fit  will  become  less  and  less  close, 
and  in  time,  if  the  arm  be  not  carefully  looked  to  and  repaired,  an 
inconvenient  escape  of  gas  will  occur, — an  escape  which  sometimes 
induces  the  Prussian  soldier  to  deliver  his  fire  by  preference  from  the 
hip.  Of  the  ammunition  it  will  be  sufficient  to  say  that  it  is  rude,  and 
for  technical  reasons  ill-adapted  for  the  requirements  of  military  service. 
The  egg-shaped  bullet  is  embedded  in  a  small  papier-niaohe'  wad, 
which  serves  the  double  purpose  of  rifling  the  bullet,  which  never 
touches  the  grooves,  and  of  containing  the  fulminate,  which  the  needle, 
penetrating  the  powder  and  the  thin  paper  envelope  which  encloses  the 
whole,  has  to  pierce.  In  short  the  needle-gun,  however  superior  even 
to  a  good  muzzle-loader,  was  not  such  an  arm  as  we  should  have  been 
justified  in  adopting,  except  in  an  emergency  more  pressing  than  that 
which  now  presented  itself. 

Of  the  other  systems  of  which  we  had  any  experience,  and 
which  you  have  seen,  there  was  none  which  seemed  calculated  to 
satisfy  our  requirements,  and  their  adoption  was  accordingly  not 
entertained. 

Under  these  circumstances,  having  no  complete  system  to  begin 
upon,  we  determined  to  take  so  much  of  a  known  and  reliable  system 
as  we  approved,  and  apply  it.  By  this  course  we  should  get,  as  it 
were,  a  lift  upon  our  road,  and  start  somewhat  in  advance  of  the  point 
from  which  we  must  set  out,  if  we  elected  to  consider  the  question 
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ab  ovo.  Therefore,  and  without  prejudicing  the  ultimate  and  more 
leisurely  investigation  which  the  question  as  a  whole  demanded,  we 
resolved  to  take  bo  much  of  the  existing  arm— the  Enfield  rifle— as 
seemed  to  as  good,  and  to  revolutionize  that  part  of  it  which  we 
deemed  bad.  Wo  determined,  in  short,  to  convert  our  Enfield  rifles 
into  breech-loaders.  In  speaking  of  the  Enfield  rifle  as  a  good  arm, 
I  am  anxious  not  to  be  misunderstood.  It  is  au  arm  doubtless  with 
many  defects,  if  we  judge  it  by  the  rigid  standard  of  more  modern 
requirements.  A  steel  barrel,  for  example,  would  probably  be 
preferable  to  a  wrought-iron  barrel ;  the  Enfield  twist  is  undoubtedly 
too  slow  for  extreme  accuracy  ;  and  the  calibre  may  be  considered  as 
unnecessarily  large.  The  refinements  and  progress  of  guumakiug 
have  left  the  Enfield  rifle  to  a  certain  extent  behindhand,  just  as  the 
refinements  and  progress  of  breech-loaders  have  left  the  needle-gun 
behind ;  and  yet  in  tho  main  it  is  an  excellent  weapon  for  military 
use,  and  I  know  no  power  whose  soldiers  possess  a  muzzle-loading 
rifle  which  can  compare  with  it.  We  do  not,  recollect,  require  a 
match-rifle  for  military  purposes.  Except,  on  a  few  raro  occasions, 
such  an  arm  would  have  no  special  value.  It  was  Lord  Palmerston, 
I  think,  who  pointed  out  that  what  the  soldier  is  required  to  do  is, 
not  to  hit  a  particular  button  upon  his  enemy's  coat,  but  generally 
to  drive  home  an  effective  fire  into  an  opposing  body  of  infantry 

or  cavalry Instructed  then  by  tho   sober  teaching  of 

actual  warfare,  we  were  justified,  1  think,  in  assuming  that  if 
to  this  Enfield  rifle,  without  subtracting  from  its  accuracy  and 
other  qualities,  we  could  apply  an  effective  breech -loading  arrange* 
mont,  wo  should  be  at  once  relieved  of  all  pressing  anxiety,  and  in  a 
position  to  select  leisurely  a  new  and  superior  breech-loader  for  future 
manufacture.  Moreover,  there  wevo  more  than  half-a-milliou  of 
these  muskets  available  for  conversion  ;  and  the  stop  which  was  pro- 
posed had  the  secondary,  but  by  no  means  inconsiderable,  advantage 
of  economy.  It  had  other  subordinate  advantages,  such  as  the 
experience  in  breech -loading  equipment  to  be  derived  in  the  course  of 
tho  inquiry,  and  which  might  stand  us  in  good  stood  when  the  more 
complete  and  difficult  question  should  come  before  us,  and  finally  the 
avoidance  of  the  danger  of  hurrying  without  due  consideration  into 
the  adoption  i<f  a  possibly  unsatisfactory  arm. 

In  August,  1864,  an  advertisement  was  issued,  inviting  gunmakere 
and  others  to  submit  propositions  for  tho  conversion  of  the  Enfield 
rifle.  From  tho  fifty  systems  which  were  sent  in  in  reply  to  this 
advertisement,  those  which  were  obvimisly  unsuitable  we  M  eliminated, 
and  eight  systems  were  selected  for  trial,  of  which  five  only,  for 
reasons  which  it  is  unnecessary  for  mo  to  detail,  ultimately  came  to 
tho  post  Of  these,  four  were  capping  anus,  one  only  a  non-capping 
arm.  The  selection  for  trial  of  these  capping  arms  indicates  that 
we  were  not  then  quite  as  advanced  or  decided  upon  this  point  as  we 
are  now,  and  had  not  yet  absolutely  learned  to  regard  non  capping  as 
ii  m  <;w.i  non.     So  Westley  Kichards',  Mont-Storm's,  Wilson's,  and 
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Green's  oonverted  Enfield  rifles  entered  the  lists  against  the  solitary 
representative  of  the  non-capping  system — the  Snider  rifle. 

Westley  Richards'  oonverted  Enfield  was  substantially  the  same 
in  respect  to  its  breech  mechanism  as  the  cavalry  carbine  which  I  have 
shown  you,  with  the  addition  of  a  small  hook  at  the  end  of  the 
plunger  for  withdrawing  the  wad  after  firing. 

In  Wilson's  arm  the  breech  of  the  original  rifle  is  removed,  and 
the  barrel  prolonged  for  some  inches  in  the  form  of  an  open  slot 
The  cartridge  is  inserted  here  and  pushed  forward  into  the  barrel, 
and  is  followed  by  a  sliding  plunger,  which  is  fixed  after  loading  by  a 
stout  bolt  which  passes  through  stock  and  plunger.  There  is  an 
india-rubber  ring  to  diminish  the  escape  of  gas. 

The  Green  rifle  resembled  the  Wilson,  except  in  the  manner  of 
securing  the  plunger,  which  is  furnished  with  a  small  knob,  and  is 
turned  round  after  loading  a  quarter  circle,  and  so  locked. 

The  Montgomery  Storm  or  Mont-Storm  arm  is  one  of  that  class 
of  breech-loaders  known  as  "  chamber-loaders."  A  chamber-loader 
is  in  fact  a  sort  of  muzzle-loader  cut  short,  or  so  arranged  that  the 
arm  can  be  conveniently  loaded  by  hand,  without  the  assistance  of 
a  ramrod.  The  charge  is  deposited  in  a  short  chamber,  instead  of 
being  rammed  all  the  way  down  a  long  barrel ;  and  the  chamber  is 
then  replaced  in  the  position  for  firing  in  the  prolongation  of  the 
barrel.  Of  breech-loaders  on  this  plan  there  are  many  modifica- 
tions. In  this  arm  the  hinge  is  in  front  of  the  chamber ;  in  many 
rifles  (the  Swedish  rifle  for  example)  it  is  behind,  and  that  would 
probably  be  the  most  primitive  form  of  chamber-loading.  Colt 
and  Deane  and  Adam's  revolvers  are  examples  of  chamber- 
loading  arms  having  several  chambers.  In  these  arms,  the  chambers 
aro  not  hinged  but  revolve,  and  are  brought  in  succession  into  pro- 
longation of  the  barrel.  I  have  several  other  examples  of  chamber- 
loading  arms  here,  to  which  I  would  invite  your  attention  after  this 
discourse.  The  chamber  of  the  Storm  rifle  can  be  turned  completely 
over  the  breech,  and  loaded ;  or  it  may  be  swivelled  at  right  angles  to 
the  barrel  for  loading  with  loose  powder.  When  the  chamber  is 
returned  it  is  secured  by  a  bolt  worked  by  the  lock,  and  an  escape  is 
prevented  by  an  expanding  ring  or  thimble  on  the  pan  of  the  chamber. 

In  the  first  arms  made  on  the  Snider  system,  about  two  inches  of 
the  upper  side  of  the  breech  end  of  the  barrel  were  cut  away,  leaving 
a  wide  open  slot  or  breech  for  the  admission  of  the  cartridge.  When 
the  cartridge  had  been  pushed  forward  into  a  taper  chamber  formed 
by  enlarging  what  was  now  the  hind  part  of  the  barrel,  the  slot  was 
closed  by  a  lump  of  steel,  hinged  on  the  right  side  of  the  barrel,  and 
forming  a  false  breech.  It  was  afterwards  found  more  convenient  to 
remove  the  back  part  of  the  barrel  bodily,  and  to  replace  it  with  a 
"  shoe,"  in  which  the  whole  of  the  breech  arrangement  was  comprised ; 
other  modifications  followed,  until  we  got  at  last  the  more  perfect 
arm,  which  I  hold  in  my  hand.  The  breech-block,  you  will  see, 
hinges  upon  this  pin  and  works  thus.     It  is  kept  in  its  place  by  a 
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small  spring  stud;  and  the  fit  of  the  block  tends  also  to  hold  it.  In 
order  to  meet  a  possible  objection  that  this  arrangement  is  liable  to 
wear  and  get  out  of  order,  I  have  brought  a  "shoe"  which  has 
never  even  been  hardened,  but  which  has  fired  at  least  30,000  rounds, 
and  still  remains,  as  you  will  see  if  you  care  to  inspect  it  presently, 
perfectly  serviceable. 

The  ignition  is  effected  by  means  of  a  small  piston  or  striker, 
which  passes  through  the  breech-block,  and  which,  when  in  repose,  is 
flush  with  the  face  of  the  block.  A  blow  of  the  hammer  causes  it  to 
dart  forward  about  a  tenth  of  an  inch  into  the  cap,  which  is  fixed,  as 
I  shall  presently  more  particularly  explain,  in  the  base  of  the 
cartridge.  The  piston  is  returned  by  a  spiral  spring.  To  withdraw 
the  empty  cartridge  case,  a  claw  or  extractor  forms  part  of  the 
breech-block.  When  I  withdraw  the  block,  the  empty  cartridge  is 
necessarily  drawn  with  it,  and  by  canting  the  rifle  sideways  the  case 
is  thrown  out.  The  extractor  is  returned  by  another  spiral  spring. 
With  regard  to  this  spring,  to  which  objection  has  been  taken,  I  would 
point  out  that  it  is  negative,  not  positive,  in  its  action.  The  spring  in 
the  needle-gun  is  positive,  and  die  action  depends  upon  it.  In  this 
gun,  the  spring  is  an  auxiliary  merely,  not  an  essential.  We  can  do 
without  the  spring.  It  is  better  to  have  it ;  but  if  we  have  it  not, 
if  it  becomes  damaged  or  inert,  the  extractor  can  be  pushed  back  by 
hand.  And  lastly,  the  spring  in  this  case  is  never  repressed  to  a 
greater  extent  than  about  one-tenth  of  an  inch. 

It  has  been  stated  lately  that  the  Snider  system  was  not  really 
invented  by  Mr.  Snider  at  all,  but  by  M.  Francois  Eugene  Schneider ; 
or  to  go  further  back,  by  Mr.  John  Poad  Drake,  a  Cornishman.  But 
if  we  are  really  to  trace  the  system  to  its  source,  we  must  go  back  to 
a  time  which  places  the  invention  quite  beyond  the  reach  of  living 
men.  I  have  thus  far  not  ventured  on  the  archasology  of  breech-load- 
ing; but  if  you  will  permit  me,  I  will  make  one  dive  into  antiquity 
for  the  purpose  of  bringing  under  your  notice  two  breech-loading 
firearms  of  the  reign  of  Henry  VIII.,  on  the  Snider  system !  By  the 
kindness  of  Admiral  Caffin,  these  interesting  arms  have  been  lent  to 
me  from  the  museum  of  the  Tower,  for  the  purpose  of  exhibition  this 
evening. 

In  the  course  of  the  competition  the  Snider  gun  proved  about 
50  per  cent,  quicker  than  its  rivals ;  it  was  stronger  too ;  it  was 
simple,  and  apparently  durable,  the  breech  arrangement  being  well 
adapted  to  sustain  the  shock  of  any  number  of  discharges,  from  the 
fact  of  those  shocks  being  sensible  only  in  a  direction  at  right  angles 
to  that  in  which  a  force  must  be  exerted  to  open  the  breech;  and 
lastly — I  should  perhaps  have  placed  this  advantage  first,  not  last, 
—it  was  adapted  for  a  cartridge  containing  its  own  ignition. 

Among  the  capping  arms,  the  Mont-Storm  rifle  was  ranked  first, 
and  was  recommended  for  experimental  application  to  a  certain 
number  of  rifles.  The  system  failed  subsequently  at  proof,  and  the 
recommendation  was  cancelled.     It  failed  partly  on  account  of  the 
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mi  suitability  of  the  akin  cartridge  which  formed  part  of  the  system ; 
and  this  reminds  mo  of  another  objection  to  which  nil  capping  arms 
are  open.  Such  arms  need  a  cartridge  so  thin,  that  the  fire  from  the 
cap  shall  pierce  it,  and  at  the  same  time  the  cartridge  must  be  so 
entirely  consumed  or  carried  out  by  the  discharge,  as  to  leave  no 
residue  to  endanger  or  interfere  with  loading.  Those  requirements 
make  it  difficult  to  satisfy  another  not  less  important  point  in  a 
military  cartridge,  viz. :  that  it  shall  be  strong  enough  to  stand  the 
knocking  about  to  which  it  will  inevitably  be  exposed  in  transport 
and  on  service.  Moreover,  a  thin  cartridge  is  evidently  less  well 
adapted  than  a  stout  one  to  resist  the  effects  of  an  accidental  adjacent 
explosion.  But  the  Mout-Storin  rifle  failed  also  in  the  arm  itself. 
Under  proof  charges,  tho  hinge  and  small  bolt  by  which  the  chamber 
is  locked  were  broken. 

Tho  Snider  rifle,  while  satisfying  many  requirements,  failed  in  one 
important  respect.  It  was  so  inaccurate  as  to  be  quite  unsuitable  for 
adoption  as  it  stood,     .... 

As  the  fault  could  not  lie  in  tho  barrel,  which  tho  accuracy  obtained 
under  the  other  systems  showed  could  be  converted  without  detriment 
in  this  respect,  it  was  due  obviously  to  the  ammunition  which  Mr. 
Snider  hod  submitted.  At  this  point  then,  the  question  of  providing 
more  suitablo  ammunition  for  the  arm  was  referred  to  Colonel  Boxer, 
by  whom,  after  a  year's  experiments,  the  present  service  ammunition 
was  designed.  Discarding  the  papier-mache  ea.su  submitted  by  Mr. 
Snider,  tho  objections  to  which,  especially  in  damp  weather,  are  well 
known,  Colonel  Boxer  made  tho  case  of  his  cartridgo  of  very  thin 
sheet  brass,  '003°  thick.  Tho  cartridge  has  a  little  over  two  turns  of 
this  brass. 

Five  important  advantages  result  from  the  employment  of  this 
case  : — 1st.  Being  uncoiled  slightly  by  tho  explosion,  instead  of 
depending  upon  the  more  stretch  of  tho  material,  the  case  can  be 
used  in  a  chamber  considerably  larger  than  itself,  with  little  danger 
of  breakage  and  consequent  escape  of  gas.  2nd,  It  is  not  liable  to 
swell  with  damp,  and  so  to  interfere  either  with  loading  or  withdrawal. 
3rd,  The  difference  between  the  size  of  the  case  and  of  tho  chamber 
is  bo  considerable,  as  to  permit  of  loading  even  when  the  cose  has 
become  considerably  enlarged  or  disfigured  by  rough  usage.  Nor 
under  these  circumstances  again  is  there  any  danger  of  leakage  or 
escape.  4tb,  Such  a  cartridge  may  he  made,  like  tho  present  service 
cartridges,  [inntitnlly  waterproof.  5th,  The  reaction,  or  tendency  of 
the  case  to  recoil,  which  arises  after  tho  pressure  of  gas  is  removed, 
tends  to  render  a  case  of  this  sort  easier  of  extinction  than  any  other. 
All  of  thoso  advantages  hold  good  against  a  papier-mache  case  ;  many 
of  them  hold  good  also  against  a  case  of  simple  copper  or  other  metal. 

The  last  point  to  bo  noticed  in  tho  ammunition  for  the  Stridor  rifle 
is  the  bullet.  On  this  tho  accuracy  of  firo  of  the  arm  depends.  The 
bullet  is  not  made,  as  in  the  majority  of  breech-loading  arms,  slightly 
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larger  than  the  bore,  but  depends  for  its  action  upon  the  system  of 
expansion  which  Colonel  Minie  was  I  believe  the  first  practically  to 
adopt,  viz.  a  hollow  on  the  base,  together  with  a  plug,  by  which  the 
original  Minio  iron  cap  has  been  superseded.  This  plug,  which  is 
now  mode  of  baked  clay,  plays  the  double  part  of  expanding  and 
supporting  agent.  The  expansion  of  the  bullet  would  be  effected,  it  is 
true,  to  a  great  extent  by  the  simple  action  of  the  powder-gas  upon 
the  sides  of  the  hollow.  But  a  plug  makes  that  expansion  more 
instantaneous  and  more  uniform  :  and  above  all  it  supports  the  aides 
of  the  bullet  after  expansion.  Thus  with  a  plug  the  passage  of  the 
gas  is  prevented  and  fouling  diminished,  in  the  first  place;  and  in 
the  second,  even  when  fouling  has  been  established,  its  effect  upon  the 
accuracy  of  a  plugged  bullet,  whose  sides  do  not  cullapse  when  they 
tone  into  contact  with  iho  obstructing  deposit,  will  be  much  less  than 
upon  au  expanded  bullet  which  has  no  ping. 

Another  important  feature  of  the  bullet  is  tho  wood  ping  in  tho 
bead.  By  this  plug  wo  obtain  three  advantages  :  greater  length,  and 
so  a  broader  bearing  and  lubricating  surface  ;  secondly,  tho  centre  of 
gravity  is  more  favourably  adjusted  with  reference  to  tho  requirements 
of  the  projectilo  and  the  slow  twist  of  the  piece  ;  thirdly,  the  weight 
is  disposed,  as  in  tho  fly-wheel,  away  from  the  axis  of  rotation.  .... 

Bound  the  bullet  are  disposed  grooves  or  cannelures,  which  servo 
to  curry  tho  boos'  wax  lubricant,  by  which  means  a  layer  of  wax  is 
always  interposed  ktuecn  the  lead  of  the  bullet  and  tho  sides  of  the 
bore  ;  and  fouling  is  so  completely  got  rid  of  that  ono  of  tho  best 
targets  ever  mode  with  this  arm  was  made  after  1000  rounds  had  been 
fired  from  it  without  cleaning.  This  point  is  ono  of  extreme  import- 
ance, for  the  accuracy  of  a  military  arm  is  to  be  measured  by  its 
average  accuracy  during  a  long  sustained  tire,  and  not  by  its  perform- 
ances when  perfectly  clean.  The  measure  of  efficiency  of  a  military 
arm  in  this,  as  iu  other  respects,  is  to  be  obtained  by  taking  the  ami, 
not  at  its  best,  but  at  its  worst.  In  other  respects  the  ammunition 
Batisiiod  the  tests  which  were  imposed.  It  stood  an  extraordinary 
amount  of  rough  usage.  It  was  waterproof  to  an  extent  which 
enabled  it  to  be  kopt  for  a  whole  woek  in  wot  sawdust  without 
injury  ;  it  was  easy  of  extraction,  not  liable  to  escape  or  explosion  ; 
and  its  expense  is  very  little  greater  than  that  of  a  paper  cartridge, 
even  if  we  take  its  first  cost  merely,  and  immeasurably  less  if  we 
spread  tho  cost  over  the  periods  during  which  the  two  ammuni- 
tions would  respectively  remain  serviceable — if,  indeed,  the  paper 
cartridge  could  ever  be  considered  serviceable.  The  extreme  rapidity 
of  fire  in  tho  una  is  fifteen  shots  per  minute.  Of  this  ammunition 
about  eight  millions  of  rounds  have  been  issued  up  to  the  end  of 
last  woek,  and  of  the  mill  in  round  numbers  100,000,  To  deal  with 
tho  false  and  SAggi  rated  reports  which  have  been  circulated  respect- 
ing the  "  failure "  of  the  Snider  system  is  a  task  which  I  cannot 
undertake,  except  in  a  general  way.  I  can  only  say  that  in  essence 
and  in  substance  these  reports  are  false.     There  have  been  difficulties 


I 
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of  detail,  it  is  true,  but  fewer  and  less  serious  difficulties,  I  believe, 
than  have  ever  attended  the  introduction  of  any  new  system  of  guns  or 
small  arms ;  and  whereas  the  general  tenonr  of  the  misstatements  to 
which  I  refer  has  been  that  the  system  has  failed,  the  general  tenonr  of 
the  reports  of  the  troops,  in  Canada,  at  Hythe,  and  at  Aldershot,  to 
whom  the  arms  have  been  issued,  has  been  that  the  system  has  proved, 
on  tho  whole,  and  specially  with  reference  to  the  cartridge  and  the 
breech  action,  admirably  successful.  It  may  tend,  perhaps,  to  restore 
confidence,  also,  if  I  state  that  tho  percentage  of  failures  out  of  a  total 
of  about  50,000  rounds  of  ammunition,  which,  in  the  course  of  my 
duty,  it  has  fallen  to  my  lot  to  firo  since  the  arms  were  introduced,  has 
amounted  to  little  over  one  failure  in  evory  throe  hundred  cartridges, 
including  every  defect,  however  slight — every  miss  upon  the  target  at 
500  yards,  every  misfire,  every  cartridge  which  has  split  or  failed 
from  any  cause.  And  out  of  more  than  20,000  rounds  fired  by  the 
Ordnance  Select  Committee,  the  percentage  of  failure  has  been,  I 
believe,  even  less 

Breech-loaders  may  be  divided  into  two  great  classes:* — (a) 
brooch-loaders,  in  the  ordinary  acceptation  of  the  term ;  and  (b)  re- 
peaters. 

The  first  class  may  bo  further  subdivided  into  (1)  chamber-loaders, 
and  (2)  breech-loaders  proper.  Of  Chainber-loaders  I  have  already 
shown  you  two  examples,  the  Mont-Storm  and  the  Hagstrom.  I  have 
here  several  others,  such  as  a  Spanish  arm  (Garcia's),  Bergstrom's, 
and  another  Norwegian  systom ;  Leetch's,  Mackenzie  and  Went- 
worth's,  &c. 

The  more  conspicuous  defects  of  this  class  of  arm  would  seem  to 
be  their  liability  to  injury  by  the  explosion,  which  generally  acts 
directly  upon  tho  breech  mechanism.  On  the  other  hand,  they  are 
generally  perfectly  free  from  escape  of  gas,  except  sometimes  at  the 
junction  of  chamber  and  barrel.  In  Sweden  and  Norway  chamber- 
loaders  find  more  favour  than  in  this  country. 

Breech-loader 8  proper  include  more  numerous  types  of  arms.  The 
Snider  rifle  is  an  arm  of  this  class ;  so  is  the  Westloy  Richards,  the 
Terry,  the  Sharp,  the  Green,  the  needle-gun,  all  of  which  you  have 
seen.  I  have  here  several  others,  some  good,  some  bad,  some  cele- 
brated in  their  way,  and  some  which  exhibit  the  imperfections  of 
which  the  system  is  capable.  Tho  Amsler-Milbank  system  (adopted  by 
the  Swiss  Government  for  conversion),  Joslyn's,  Bayliss's,  BcstelTs, 
Beard's,  Bruton's,  Prince's,  the  Starr  carbine  (now  in  use  in  Canada), 
Fosbery's,  Laidley's  (adopted  in  Bussia),  are  all  examples  of  breech- 
loaders proper.  In  these  arms,  as  a  rule,  very  much  more  work  is 
thrown  upon  the  cartridge.  Where,  as  in  the  needle-gun  and  the  Sharp 
carbine,  the  escape  is  sustained  by  the  gun,  and  not  by  the  cartridge,  the 


*  A  number  of  characteristic  specimens  of  British  and  foreign  breech-loaders 
were  exhibited.  Their  special  peculiarities  were  referred  to  in  the  discourse,  and 
discussed  in  the  library  afterwards. 
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system  will  generally  be  open  to  objection  on  the  score  of  excessive 
escape  of  gas.  With  secure  ammunition,  this  defect  may  be  entirely 
got  rid  of;  and  to  me  it  seems  sounder  in  principle  and  more  reliable 
in  practice  to  throw  the  burden  of  the  escape  upon  the  cartridge, 
which  only  has  to  sustain  it  once,  than  upon  the  arm,  which  must 
sustain  it  many  hundreds  or  thousands  of  times. 

(b)  Repeaters  may  be  subdivided  into  (1)  revolvers,  and  (2)  magazine 
arms.  Of  Revolvers  the  best  examples  are  furnished  by  revolving 
pistols,  of  which,  by  the  addition  of  a  long  stock  and  barrel,  rifles 
have  sometimes  been  made.  I  have  here  also  a  revolving  carbine,  by 
a  Colonel  Porter.  The  system  is  open  to  many  objections,  among 
which,  except  for  pistols,  the  weight  of  the  several  chambers  is  con- 
spicuous. 

Of  Magazine  arms  there  are  two  important  varieties  :  The  simple 
repeater,  such  as  Henry's,  in  which  the  cartridges  are  constantly 
drawn  from  a  magazine  under  the  barrel,  which  must  be  replenished 
from  time  to  time  as  it  becomes  exhausted;  and  secondly,  an  arm 
which,  like  the  Spenser  and  Lamson  rifles,  can  be  used  as  repeaters 
or  simple  breech-loaders  at  will.  .  In  these  arms  I  can,  if  I  wish,  shut 
off  tho  magazine,  and  load  them  as  ordinary  breech-loaders.  This 
plan  presents  several  important  advantages  over  the  ordinary  repeater, 
which  entails  distinct  intervals  of  inefficiency  while  the  magazine  is 
being  replenished,  and  which  directly  tempts  the  soldier  to  indulge  in 
an  excessive  rapidity  of  fire  while  his  magazine  supply  lasts.  But  in 
the  improved  repeaters  these  objections  are  obviated.  I  have  here, 
for  example,  the  Lamson  rifle,  with  its  magazine  full.  I  need  not, 
however,  call  upon  the  magazine,  but  I  may  load  as  if  the  arm  were 
an  ordinary  breech-loader.  Then  when  pressed  I  can,  so  to  speak, 
turn  on  the  tap  of  the  magazine,  and  pour  forth  such  a  fire  as  no 
simple  breech-loader  can  deliver.  When  my  magazine  is  exhausted, 
I  am  not,  as  with  an  ordinary  repeater,  temporarily  disabled ;  for  I 
can  fall  back  upon  the  simple  breech-loading  action,  until  an  op- 
portunity presents  itself  for  replenishing  tho  magazine  against  another 
emergency.  So  with  the  Spenser  rifle,  in  which,  as  you  will  see  from 
this  diagram,  the  magazine  is  situated  in  the  stock. 

The  direction  in  which  repeaters  generally  err  is  in  complexity  of 
construction ;  but  if  this  defect  can  be  overcome,  a  magazine-rifle  would 
present  immense  advantages  over  the  simple  breech-loader,  not  merely 
for  those  services,  such  as  the  navy,  the  cavalry,  and  artillery,  in  which 
an  intensely  rapid  fire  is  generally  required  for  a  few  decisive  moments, 
but  for  the  universal  equipment  of  troops.  It  is  in  arms  of  this  class 
that  breech-loading  tends  towards  its  highest  development;  and  to 
this  principle  of  action  I  believe  we  must  look  for  the  complete  and 
ultimate  solution  of  the  breech-loading  question 

The  advantages  which  breech-loading  presents  in  a  military  rifle 


First,  Rapidity  of  Fire.    We  give  each  soldier,  so  to  speak,  and  as 
I  have  before  expressed  it,  three  or  four  rifles,  with  the  inconveniences 
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only  of  one.  At  close  quarters  no  troops,  however  brave,  devoted,  or 
disciplined,  could  stand  with  muzzle-loaders  against  a  corresponding 
force  armed  with  breech-loaders.  It  amounts  to  being  opposed  to  a 
force  whose  numbers  are  practically  multiplied  by  the  figure  which 
expresses  the  ratio  of  rapidity  of  fire  of  the  breech-loaders  to  the 
muzzle-loaders.  Wo  must  not  press  this  argument  too  far.  It  will 
hold  generally  when  the  fighting  is  quick  and  closo  and  decisive,  and 
when  the  conditions  of  the  contest  on  both  sides  are  the  same.  But 
breech-loaders  will  not  do  everything ;  and  we  must  avoid  the  error 
of  supposing  that  they  did  everything  in  the  Danish  or,  Bohemian 
campaigns.  Tho  needle-gun  was  but  the  embodiment  of  that  spirit 
of  "  geist "  and  progress  which  animated  the  Prussian  army  and  its 
leaders,  which  dictated  the  execution  of  their  rapid  movements,  and 
which  was  the  soul  and  essence  of  their  superior  organization. 
Especially  must  we  avoid  tho  too  closo  application  of  mere  abstract 
reasoning  when  the  element  of  artillery  fire  comes  into  play.  "Eleven 
yoars  ago  an  experiment  was  made  at  Hytho  with  life-size  dummy 
figures  of  men  and  horses,  which  went  to  prove  conclusively  that 
artillery  would  be  beaten  off  tho  field  by  infantry  armed  with  rifles. 
This  drawing  shows  what  was  then  proved,  that  a  detachment  coming 
into  action  would  be  annihilated  in  tliree  minutes  by  thirty  file  of 
riflemen.  But  two  important  considerations  were  overlooked :  that 
in  actual  warfare  infantry  would  scarcely  deliver  so  effective  a  fire  as 
then  served  to  plant  at  800  yards'  rango  thirty-four  shots  in  a  single 
gun  detachment, — just  as  two  men  standing  opposite  one  another  at 
twenty  paces  to  fight  a  duel  often  fail  to  hit  one  another,  while  at  a 
very  much  greater  distance  they  can  each  easily  break  a  bottle's  nock 
in  a  pistol  gallery.  And,  secondly,  the  necessity  for  artillery  coming 
within  this  range  at  all  was  not  established ;  so  that  the  reasoning 
which  was  based  upon  these  premises  fell  in  practico  to  the  ground ; 
and  notwithstanding  improved  musketry  instruction  and  improvements 
in  the  arms,  the  use  and  importance  of  artillery  have  in  nowise 
diminished  since  tho  introduction  of  the  rifle  for  general  service :  so 
those  also  would  bo  mistaken  who  might  argue  from  this  diagram 
that  if  so  much  could  be  done  with  muzzle-loading  rifles,  firing  as 
as  they  did  on  this  occasion  one  round  per  minute  only,  breech-loaders 
firing  seven  or  eight  rounds  per  minute  would  produce  a  correspond- 
ing effect,  and  that  the  predominance  of  artillery  fire  in  an  action 
must  henceforth  ceaso  to  exist.  But  within  reasonable  limits,  the 
effects  of  breech-loaders,  as  opposed  to  muzzle-loaders,  can  hardly  be 
over-estimated.  It  must  be  remembered  too,  that  there  is  always 
attendant  upon  the  employment  of  a  more  effective  arm  a  moral  as 
well  as  a  physical  effect.  As  Marshal  Marmont  said,  a  battle  is 
decided  after  all  not  by  the  number  of  men  killed,  but  by  the  number 
frightened. 

By  a  converse  application  of  this  argument,  we  reach  the  second 
great  advantage  of  breech-loading,  increased  confidence,  a  point  upon 
which  I  need  not  dwell,  but  of  which  all  military  men  will  recognise 
the  importance. 
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Thirdly,  we  obtain  greater  facility  in  loading.  On  horseback, 
breech-loading,  even  of  an  imperfect  kind,  is  vastly  superior  mechani- 
cally to  muzzle-loading.  For  the  infantry  man,  if  we  reflect  a  moment, 
the  advantages-  will  appear  quite  as  great.  Whatever  the  soldier's 
position,  whether  lying  behind  some  sheltering  mound,  cramped  in  a 
rifle-pit,  working  in  close  squares,  with  his  bayonet  presented  to  resist 
cavalry,  or  running  forward  as  a  skirmisher,  he  can  load  a  breech-loader 
as  he  could  never  load  a  muzzle-loader — without  exposing  himself, 
without  changing  his  position,  without  inconvenience  or  loss  of  time 
or  effect. 

We  have,  in  the  fourth  place,  improved  shooting.  The  arm  is 
always  loaded  in  a  position  which  favours  the  subsequent  delivery  of 
a  low  and  effective  fire.  The  eye  is  never  removed  from  the  object ; 
and  no  part  of  the  powder  can  be  spilt,  no  part  can  be  lodged  in  the 
grooves  of  the  rifle ;  while  the  increased  confidence  of  which  I  have 
spoken  tends  to  steady  men's  arms  and  improve  their  aim.  It  has 
been  objected  that  the  rapid  firing  of  the  breech-loader  will  tend  to 
tire  and  unsteady  men's  arms,  but  surely  this  objection,  if  it  has  any 
force,  may  be  met  by  the  consideration  that  the  operation  of  loading 
a  breech-loader  is  very  much  less  fatiguing. 

Fifthly,  the  possibility  of  overloading  is  avoided.  This  in  the 
hurry  and  excitement  of  action  is  no  uncommon  accident.  A  man 
loads  and  as  he  thinks  fires.  His  cap  misses  fire,  or  he  even  neglects 
to  cap  at  all.  But  he  does  not  at  once  recognize  it.  He  rams  down 
another  charge  ;  perhaps  another,  &c.  &c.  After  one  of  the  American 
battles  several  arms  were  picked  up  loaded  with  two  charges,  others 
with  three  ;  some  with  four,  and  a  few  even  with  eight ! 

Among  the  minor  advantages  of  breech-loaders,  I  may  name  the 
completeness  and  compactness  of  the  ammunition ;  the  facilities  for 
cleaning  and  inspecting  the  arms  ;  the  ease  with  which  the  drill  may 
be  acquired ;  the  diminished  danger  in  loading  ;  and  the  possibility  of 
the  arm  being  rendered  inefficient  by  the  loss  of  a  ramrod. 

It  has  been  said  that  breech-loaders  will  entail  an  excessive 
expenditure  of  ammunition.  But  in  the  first  place,  we  have  no  grounds 
for  supposing  that  the  ammunition  expended  will  be  wasted :  and  a 
similar  argument  would  have  held  against  the  supersession  of  the  old 
flint-lock  by  the  percussion  cap.  If  the  fire  be  delivered  at  such 
ranges  that  the  shots  tell,  it  merely  amounts  to  this,  that  the  work  is 
done  with  the  new  system  so  much  quicker  and  more  effectually  than 
with  the  old ;  and  experience  teaches  us  that  the  requisite  supply  can 
be  kept  up  without  difficulty,  even  in  a  long  hot  general  action,  and 
that  this  objection  has  been  much  overrated.  It  is  stated  indeed  that 
the  greater  coolness  and  confidence  of  the  men  tends  rather  to  a  less 
expenditure ;  and  the  number  of  rounds  fired  by  any  individual 
Prussian  soldier  in  the  late  campaign,  if  figures  are  to  be  relied  upon, 
would  seem  to  favour  this  view.  The  supply  of  ammunition,  whatever 
its  expenditure,  is,  however,  only  a  question  of  organization;  its 
efficient  expenditure  is  a  matter  of  instruction.     .     .    • 

[V.  D.  M.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  March  4,  1867. 

Sir  Henry  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  tlio  Chair. 

Jerry  Barrett,  Esq. 

John  Brunskill,  Esq. 

Lord  Sackville  Cecil. 

Frederick  James  Chester,  Esq. 

Henry  Colli  nson,  Esq. 

Charles  Newton,  Esq. 

Algernon  Perkins,  Esq. 

Captain  Richard  Phelips. 

James  Rankin,  Esq.  B.A. 

T.  A.  Rochusscn,  Esq.  M.I.C.E. 

George  Lake  Russell,  Esq.  M.A. 

Edward  Sartoris,  Esq. 

Mrs.  William  Spottiswoodo. 

John  Williams,  Esq. 

James  Christopher  Wilson,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

Edward  Smith,  M.D.  F.R.S. 

was  admitted  a  Member  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
additions  to  "  The  Donation  Fund  for  the  Promotion  of  Experimental 
Researches." 

Thomas  Williams  Helps,  Etq.  (2nd  Donation)        .         •  £10    0    0 
T.  Oirrick  Moore,  Esq.  (2nd  Donation)         .         .         ,     JO    0    0 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  tho  thanks  of  tho  Members  returned  for  the  same,  viz. : — 

FROM 

Lords  of  the  Committee  of  Council  on  Education — Dr.  A.  W.  Hofinann's  Report  on 

Chemical  Laboratories  at  Bonn  and  Berlin.    4to.    I860. 
Ansell,  George  F.  E*q.  {the  Author) — Treatise  on  Coining.     8vo.     1862. 
Architects,  Royal  Institute  of  BrituJt— Proceedings,  1867.  Part  II.  Nos.  1,  2.   4to. 
Astronomical  Society,  ityai-Monthly  Notioea,  VoL  XXV1L  No.  3.    8vo.    1867. 
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Bad  Naterforschemie  GeseUschafl— Verhandlangon.    Thcil  TV.    Heft  3.    8vo. 

1866. 
Corneal  Society— Journal  for  Feb.  1867.    8vo. 
Dane*,  J.  Seymour,  Lieut.  R.A.  M.R.I,  {the  Author)— The  Meteoric  Theory  of 

Satarns  Rings.     16to.    1867. 
Htort-Artizan  for  Feb.  1867.    4to. 
Athenaum  for  Feb.  1867.    4to. 
British  Journal  of  Photography  for  Feb.  18G7.    4  to. 
Chemical  News  for  Feb.  1867.    4to. 
Engineer  for  Feb.  1867.    foL 
Hurological  Journal  for  Feb.  1867.    8vo. 
Journal  of  Gas-Lighting  for  Feb.  1867.    4to. 
Mechanics'  Magazine  for  Feb.  1867.    8vo. 
Pharmaceutical  Journal  for  Feb.  1867. 
Fanday.  Professor,    V.C.L.   F.R.S. — Abhnndlungcn  der  Kon  Akadenrie  dor 

Wusenscliaften,  Berlin :  1865.    4to.     1866. 
Franklin  Institute— Journal.  Nos.  489-493.    8vo.     1866-67. 
(^graphical  Society,  Royal— Proceedings,  Vol.  XI.  No.  1.     1867. 
Hortinhural  Society,  Royal — Report  of  Proceedings  of  International  Horticultural 
Exhibition  and  Botanical  Congress,  held  in  London,  May  22-31,  1866.    8vo. 
1*67. 
Ut.  Rev.  A.  T.  M.A.  {the  Author)— The    Irish   Episcopal   Succession  :     the 
Becent  Statements  of  Mr.  Froudc  and  Dr.  Brady  examined.    (K  94)    8vo. 
1*7. 
tiUv.  Robert  P.  JEeq.  3/./?./.— Charts  of  Ancient  and  Modern  History,  by  the 

Rev.  H.  Linton.    (Portfolio  1.) 
Idbock,  Sir  John,  Bart.  F.R.S.  M.R.I,  {the  Author)— On    Bronze  Weapons. 

fro.    1866. 
Madras  Literary  Society— Madia*  Journal.  Third  Series.  Part  2.   Oct.  1866.   8vo. 
Maillf,  M.  E.  'the  Author) — Essai  sur  les  Institutions  Scicntifiques  de  la  Grande- 

Bretagne.    Partie  6.    16 to.    1867. 
Mechanical    Engineer*9    Institution,    Birmingham — Proceedings,    August,    1866. 

Part  2.    8vo. 
Photographic  Society— Journal,  No.  178.    8vo.     1867. 

Rasmer,  Friedrich  von,  Hon.  M.R.I,  {the  Author)— Friedricli  Ton  Raumer  an 
Rudolf  Kopke.     (L 14)    8vo.     1866. 
Sonst  nnd  Jetzt    (L  14)    8vo.    1867. 
Modwell,  G.  F.  Enq.  {the  Author) — On  some  Effects  produced  by  a  Fluid  in 

Motion.    (PhiL  Mag.  Feb.  1867.) 
R<yal  Society  of  Zand©*— Proceedings,  No.  89.     8vo.     1867. 
Saxon  Society  of  Sciences,  Royal — Abliandlungen.     1866.     2  parts.    8vo. 

BericLte.     1865-66.    3  parts.    8vo. 
Symoms,  G.  J.  Enq.  (the  ^uMoT^-British  Rainfall.     1866.     8vo.     1867. 

Monthly  Meteorological  Magazine,  Jan.  and  Feb.     1867.     8vo. 
Tuke,   Thomas  H.  M.D.  F.R.I.— Notice  of  John  Conollv,  M.D.,  by  Sir  James 

Clark.     fK94)    8vo,    1866. 
Tjmdall,  Professor,  F.R.S.— I*.  Agassiz,  Glacial  Phenomena  in   Maine.     (L  11; 

8va    1867. 
Walford,  Weston  S.  Esq.  F.S.A.  M. R. /.—Alphabetical  Dictionary  of  Coats-of- 
Arms  belonging  to  Families  in  Great  Britain  and  Ireland.    By  John  AV. 
Papworth.    Parts  1-14.    8vo.    185M-66. 
YtartUy,  James,  Esq.  M.R.I,  (the  Author)— On  the  Exuberant  Growth  of  tho 
Tonsils.     (K94)    8to.    1866. 

Telegraph   Construction  and  Maintenance  Compan »/— Six.ciuicns  of  the  Atlantic 
Telegraph  Cable*,  1866. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  8, 1867. 

William  Spottiswoode,  Esq.  M.A.   F.R.S.      Treasurer  and  Vice- 
President,  in  the  Chair. 

Bey.  W.  Greenwell,  M.A. 

CANON  OF  DURHAM. 

On  the  Yorkshire  Wold  Tumuli. 

The  object  of  the  discourse  was  to  illustrate  the  early  sepulchral 
remains  of  the  Wolds,  a  district  in  the  East  Riding  of  Yorkshire 
singularly  compact  and  self  contained.  The  tract  of  country  is  of 
moderate  elevation,  with  a  surface  varied  by  deep  valleys  and  swelling 
and  rounded  hills,  the  geological  formation  being  for  the  most  part 
the  chalk.  The  valleys  are  nearly  all  waterless,  and  in  this  and  other 
respects,  as  well  as  in  the  numerous  signs  it  presents  of  early  occu- 
pation, the  district  possesses  a  marked  similarity  to  the  Wiltshire 
Downs.  It  is  surrounded  on  all  sides  by  flat  alluvial  land.  Wood 
was  scanty,  the  prevailing  tree  being  the  thorn,  here  attaining  a  largo 
size,  whilst  considerable  tracts  were  covered  by  furze  and  heather. 
This  dearth  of  wood  was  not  favourable  to  the  presence  of  largo 
quantities  of  wild  animals,  which  require  its  shelter  for  protection, 
but  that  was  afforded  by  the  coverts  which  abounded  in  the  neigh- 
bouring low-lying  and  then  swampy  ground.  In  the  comparative 
absence  of  cultivated  crops  a  population  must,  in  a  great  measure, 
dopend  upon  the  chaco  for  its  support,  and  the  Wolds  might  therefore 
seem  unsuitable  for  early  occupation.  They  were,  however,  largely 
]>eopled  in  pre-historic  times,  as  several  facts  distinctly  show. 
Occupation  is  evidenced  by  remains  of  houses,  which  cannot,  however, 
lay  claim  to  much  architectural  skill  either  as  regards  convenience  or 
stability.  They  were  only  rudo  wigwams,  formed  in  two  ways,  by 
mi  sing  a  conical  roof  of  wood  and  turf  upon  a  low  circular  wall,  and 
by  covering  in  a  circular  pit,  with  a  similar  shaped,  or  perhaps  a  flat, 
roof.  Besides  those  dwelling-places,  there  remain  some  gullets  still 
uudestroyed  by  the  plough,  as  well  as  extensive  lines  of  mounds  and 
ditches,  which  seem  too  large  to  have  been  intended  for  defensive 
purposes,  though  they  might  serve  the  end  of  preventing  cattle  being 
driven  off  by  sudden  raids. 

The  abundance  of  the  people  who  were  settled  in  the  district  is 
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shown,  perhaps,  moat  clearly  by  the  uuraber  of  flint  implements  which 
are  found  scattered  over  the  surface  of  the  ground.  They  are  there  in 
thousands— arrow-points,  knives,  scrapers,  and  articles  of  uncertain  use. 
A  common  material  may  in  some  way  explain  their  frequent  occurrence. 
Still  whatever  cause  may  have  made  them  so  abundant,  their  number 
points  to  a  numerous  population.  Besides  objects  of  flint  and  other 
stone,  considerable  hoards  of  bronze  swords,  spcar-heads,  gouges,  and 
colts  have  been  discovered. 

The  question  who  woro  the  people  who  occupied  the  Wolds  is  one 
of  groat  interest,  and  a  careful  and  systematic  examination  of  their 
banal  mounds  will  tend  to  settle  it.  So  far  us  present  researches 
show,  two  distinct  races  appear  to  have  occupied  the  district  in  pre- 
historic times,  and  for  some  part  of  this  period  they  lived  side  by  side 
and  intermingled,  but  at  au  earlier  time  it  seems  utmost  certain  that 
only  one  of  theso  races  was  living  on  the  Wolds.  They  may  ho  called 
a  long-headed  (do!  i elm-cephalic)  and  a  round-headed  (brachy-cephalic) 
people,  the  long  heads  being  the  earlier. 

Upon  the  Wolds  and  in  other  parts  of  Yorkshire,  hut  principally 
in  the  south-western  counties  of  England,  a  peculiar  shaped  barrow 
exists,  which  is  very  long  in  proportion  to  its  breadth,  as  much  as 
three  to  one.  They  are,  for  the  most  part,  placed  approximately  east 
and  west,  and  the  burials  are  at  the  cast  end,  which  is  broader  and 
higher  than  the  west.  With  the  primary  interments  in  these  barrows 
no  implements  of  metal  have  ever  been  found,  those  which  occur  being 
mode  of  flint.  There  is  a  remarkable  feature  in  connection  with  the 
interments  in  the  long  barrows,  and  which  is  quite  peculiar  to  them, 
A  large  number  of  bodies  is  sometimes  found  placed  together,  and  tho 
condition  of  tho  bones  of  some  of  them  is  very  peculiar.  Whilst  one 
or  more  of  the  bodies  have  the  bones  unbroken,  and  laid  in  their 
natural  order  and  juxtaposition,  the  greater  part  have  the  various 
bones  scattered  about,  separated  from  each  other,  and  broken,  and 
showing  by  unmistakable  signs  that  this  breakage  bad  taken  place  at 
the  time  of  death.  This  seems  to  show  that  the  flesh  must  liavo  been 
removed  before  tho  bones  were  buried  ;  for  if  that  had  not  been  tho 
case,  the  broken  pieces  of  the  same  bono  would  have  been  lying  close 
together,  and  not  at  somo  distance  from  each  other.  Those  unusual 
features  appear  to  point  to  rites  which,  if  abhorrent  to  our  ideas,  have 
nevertheless  been  prevalent  in  many  countries,  nor  has  cannibalism 
been  so  uufrequent  that  it  need  be  wondered  at,  to  find  evidence  of  its 
having  been  used  in  this  country.  There  arc  historic  accounts  of  the 
practice  in  times  much  later  than  when  these  barrows  were  erected. 

In  the  long  barrows  in  Wiltshire  and  Gloucestershire  the  bodies 
have  boon  buried  unburnt;  on  the  Wohls  the  intention  was  to  burn 
them,  though  that  had  not  perfectly  succeeded  in  every  case.  The 
way  in  which  tho  burning  hod  taken  place  was  ]*.'culiar.  Upon  tho 
bodies,  whole  and  broken  up.  chalk  rubble  and  flint  had  been  placed, 
over  this  was  piled  wood,  which  had  then  been  fired,  and  so  the  bodies 
were  consumed  by  the  ignited  lime. 
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The  skulls  of  the  bodies  found  in  the  long  barrows  are  dolicho- 
cephalic, and  they  differ  in  other  respects  than  in  length  from  the 
brachy-cephalic  skull,  which  is  that  ordinarily  found  in  the  round 
barrows  of  the  bronze  age.  They  appoar  to  have  been  neither  a  tall 
nor  strong  race,  and  were  the  earliest  inhabitants  of  the  Wolds  whose 
sepulchres  have  been  preserved  to  us,  as  is  shown  by  their  ignorance 
of  metal,  which  was  known  to  the  people  of  the  round  barrows.  They 
present  some  similarity  with  long-headed  tribes  in  Spain  and  the 
North  of  Africa.  But  the  great  rarity  of  these  long  barrows  on  the 
Wolds  point  to  a  very  scanty  population. 

The  round  barrows,  which  generally  occur  on  the  high  ground, 
are  however  numerous.  They  average  50  or  60  ft.  in  diameter  and  4 
or  5  in  height ;  yet  when  wo  consider  the  length  of  time  the  Wolds 
were  occupied  by  the  brachy-cephalic  race,  we  can  hardly  suppose 
that  any  but  the  chiefs  and  their  families,  and  perhaps  captives  slain 
at  tho  funeral,  were  buried  in  thorn,  even  when  wo,  take  into  account 
that  the  same  mound  often  serves  for  several  interments.  Occasionally 
we  find  a  mound  containing  only  the  body  of  a  child,  probably  the 
favourite  child  of  the  chief.  Many  persons  of  distinction  in  the  tribe 
were  buried  separately,  without  mounds,  but  covered  by  large  slabs  of 
stone.  These  graves  are  not  noticed  so  frequently  on  the  Wolds,  on 
account  of  tho  absence  of  large  stones.  The  ordinary  dead  were 
buried  together  in  large  numbers,  as  has  been  found  in  making  railway 
cuttings.  In  these  cases  no  objects  appear  to  have  been  interred  with 
the  bodies,  as  in  the  mounds.  On  the  Wiltshire  Downs  barrows  are 
often  surrounded  by  a  ring  of  earth  and  stones  to  protect  the  inter- 
ment. This  feature  has,  on  the  Wolds,  been  destroyed  by  cultivation. 
These  circles  also  surround  burials  with  no  mound,  and  have  then 
been  commonly  held  to  bo  of  Druidical  origin,  but  needlessly.  It  is 
probable  that  even  Avebury  and  Stonehenge,  which  only  differ  in  sise 
from  these  circles,  are  connected  with  sepulchral  purposes. 

The  two  modes  of  burial,  cremation  and  inhumation,  prevailed  on 
the  Wolds  as  olsowhere.  The  latter,  owing  perhaps  to  the  scarcity  of 
wood,  is  the  more  usual  practice ;  but  local  and  family  peculiarities, 
and  not  differences  of  rank  or  sex,  seemed  to  havo  determined  which 
mode  should  be  preferred,  as  burnt  and  unburnt  bodies  were  constantly 
buried  together  at  the  same  time. 

When  the  body  was  buried  unburnt,  it  seems  to  have  been  dressed 
in  its  ordinary  clothing,  and  always  in  a  contracted  position,  the  knees 
being  drawn  up  towards  the  chin ;  sometimes  it  was  probably  swathed 
like  a  Peruvian  mummy.  It  was  laid  on  tho  side.  I  have  never  seen 
it  placed  in  a  sitting  position.  When  stono  could  bo  procured  it  was 
surrounded  with  a  cist ;  if  not,  it  was  simply  placed  in  the  material 
of  the  barrow  or  in  a  grave  sunk  below  tho  surface,  and  very  rarely  in 
a  split  and  hollowed  tree.  In  tho  case  of  cremation,  the  body  was 
placed  on  a  pile  of  wood  and  consumed  with  various  degrees  of  com- 
pleteness. The  burnt  bones  ore  generally  removed  from  tho  place  of 
burning  and  enclosed  in  an  urn  or  small  cist,  or  simply  laid  on  the 
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ground*  Secondary  interments  occur  above  the  primary  and  round 
the  sides  of  the  barrow,  though  seldom  on  the  north  and  west. 
Various  implements  are  often  found  close  to  the  bodies.  In  one 
barrow,  about  50  ft.  in  diameter,  there  were  found  unburnt  six  grown- 
up bodies  and  six  children.  It  may  be  noticed  that  the  teeth,  though 
much  worn  by  hard  food,  show  little  marks  of  decay. 

The  pieces  of  animal  bones  which  frequently  occur  in  barrows  are 
remains  of  the  funeral  feast,  and  were  broken  to  get  at  the  marrow. 
The  occurrence  of  sherds  of  pottery  and  flint  drippings,  which  seem 
to  have  been  thrown  in  indiscriminately,  is  difficult  to  account  for. 
From  a  curious  passage  in  '  Hamlet '  it  appears  that  "  shards,  flints,  and 
pebbles  "  were  thrown  on  the  corpse  of  a  suicide.  -  It  is  possible  that 
this  sacred  Pagan  rite  was  remembered  in  Christian  times,  but  as- 
sociated with  what  was  irreligious  and  profane,  as  pious  rites  in  one 
religion  are  often  accounted  accursed  in  a  new  one. 

Occasionally,  the  first  interment  is  disturbed  by  a  subsequent  one. 
Probably  this  only  took  place  when  the  family  or  tribe  to  which  the 
first  belonged  had  become  extinct,  and  their  burying-place  had  not 
been  respected  by  their  successors.  Even  the  bodies  contained  in  the 
first  grave  have  been  sometimes  broken  in  digging  a  place  for  the 
second  interment. 

Burnt  and  unburnt  bodies  are  accompanied  by  the  same  imple- 
ments ;  but  this  is  not  the  case  with  the  urns,  which  are  of  various 
shapes,  and  placed  in  various  positions  with  respect  to  the  body  they 
accompany.  They  are  not  sun-baked,  but  have  been  exposed  to  fire. 
They  are  formed  by  hand,  not  by  the  wheel,  yet  they  show  great  sym- 
metry, and  the  material,  though  varying  with  the  different  localities, 
is  often  well  tempered,  but  not  glazed. 

The  numerous  variations  in  the  shape  of  those  found  with  unburnt 
bodies  resolve  themselves  into  two  types,  to  which  the  names  of  "  food- 
vessel  "  and  "  drinking-cup  "  have  been  given.  The  first  class  is  like 
a  flower-pot,  but  more  globular,  often  with  a  series  of  projecting  knobs 
round  the  neck,  which  in  the  earlier  specimens  probably  was  useful 
for  hanging  them  up.  They  vary  in  height  from  4  inches  to  7.  The 
"  drinking-cups  "  are  larger,  and  of  finer  clay  and  more  elegant  shape, 
being  taller  and  more  swelling  in  outline.  The  ornamentation  on 
both  kinds  of  vessel  is  profuse  and  varied,  consisting  mostly  of  com- 
binations of  short  lines,  made  by  a  twisted  thong  or  by  a  pointed 
instrument. 

It  is  probable  that,  as  has  been  generally  believed,  these  vessels 
were  for  the  purpose  of  holding  food  for  the  dead.  The  custom  of  the 
American  Indians  affords  an  analogy. 

Enclosing  or  accompanying  the  remains  of  burnt  bodies  we  find 
urns  of  a  much  larger  size — sometimes  exceeding  2  feet  in  height — 
and  coarser  material  and  workmanship.  They  have  an  overhanging 
rim,  and  the  ornamentation  is  continued  but  little  below  it.  They 
are  as  often  found  reversed  over  the  bones  as  upright.  With  them 
often  occurs  a  small  vessel,  like  a  saltcellar,  and  not  unfrequently 
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pierced,  known  as  an  "  incense  cup."  Other  types  of  vessels  are  also 
occasionally  found,  but  none  contain  the  burnt  bones  except  the 
cinerary  urn ;  the  others  may  possibly  have  contained  food.  But 
all  the  vessels  described  were,  I  believe,  especially  made  for  sepulchral 
use,  as  they  are  too  imperfectly  baked  to  be  used  as  domestic  vessels, 
from  which,  too,  they  greatly  differ  in  appearance. 

No  rule  can  be  laid  down  as  to  the  occurrence  of  weapons  and 
implements  with  bodies,  burnt  or  unburnt.  Often  none  at  all  are 
found ;  at  other  times  several.  With  the  bodies  of  men  occur  axes, 
spear  and  arrow  heads,  knives,  and  scrapers,  all  of  flint,  bone  pins  and 
jet  buttons,  bronze  daggers,  pins,  and,  very  rarely,  simple  axes  ;  with 
those  of  women,  stone  rubbers  or  corncrushers,  flint  knives  and  scrapers, 
jet  or  amber  necklaces,  buttons,  pins,  and  bronze  awls.  When  crema- 
tion has  been  used,  implements  were  sometimes  burnt  with  the  bones ; 
and  sometimes  placed  with  the  ashes  afterwards. 

Neither  bronze  swords  nor  socketed  celts  are  ever  found  with 
interments ;  indeed  any  bronze  articles  are  very  rare.  This  does  not 
arise  from  that  metal  being  unknown,  as  the  round  barrows,  I  believe, 
are  later  than  its  introduction  ;  but  it  was  for  long  only  used  for  the 
more  important  articles ;  the  commoner  ones,  and  those  which,  like 
arrow-heads,  were  thrown  away,  being  still  made  of  flint.  The  poor 
had  probably  no  implements  of  bronze.  The  scarcity  of  bronze  with 
interments,  then,  is  explained  by  its  liability  to  decay,  by  its  being,  like 
gold,  too  valuable  to  place  with  the  dead,  and  by  the  fact  that  it  was 
not  the  material  of  which  such  objects  were  made  as  were  habitually 
placed  in  the  grave. 

It  has  been  generally  held  that  the  depositing  with  the  dead  the 
implements,  &c,  which  they  used  while  alive,  implied  a  belief  in 
another  state  of  existence :  without  disputing  this  view,  it  may  be 
observed  that  the  affectionate  and  pious  feeling  of  the  relatives  might 
be  enough  to  account  for  the  custom ;  and  also  that  the  articles  found 
with  the  bodies  were  mostly  attached  to  the  dress,  or  else  were  such 
weapons,  ornaments,  &c.,  as  could  hardly  be  used  by  others  without 
disrespect  to  tho  memory  of  the  deceased  ;  while  if  they  were  intended 
for  use  in  a  future  state,  it  seems  strange  that  the  majority  of  the  dead 
should  be  interred  without  anything  of  the  kind. 

From  the  broken  bones  found  in  the  barrows  we  infer  that  the 
Bos  longifrons,  the  roe  and  red  deer,  the  wild  swine  and  the  goat 
were  among  the  animals  used  for  food,  but  neither  the  sheep  nor  the 
dog  has  been  discovered  on  tho  Wolds. 

In  the  round  barrows  we  find  both  the  long-headed  race  of  the  long 
barrows,  and  the  later  perfectly  distinct  round-headod  type,  which  is 
far  the  more  frequent,  besides  one  which  may  have  sprung  from  the 
union  of  the  two.  The  earlier  race,  though  perhaps  conquered, 
would  not  be  destroyed,  and  in  time  must  have  become  one  with  the 
intruders,  who  were  a  larger  and  stronger  people,  and  acquainted  with 
the  use  of  bronze.  They  were  harsh  and  rugged  in  the  face,  with  all 
tho  features  prominent,  and  the  mouth  and  eyebrows  projecting.     The 
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head  was  broad,  especially  behind,  with  a  remarkably  flat  occiput, 
a  part  which  in  the  long-headed  race  was  remarkably  prominent. 

The  long-headed  race  appears  to  have  affinities  with  the  south,  and 
the  round-headed  with  the  north ;  the  latter  approach  in  type  of  skull 
to  that  of  the  people  of  the  stone  age,  who  buried  in  the  barrows  of 
Denmark,  and  may  have  been  allied  to  the  Laps.  But  the  question  is 
too  wide  for  this  discourse. 

The  Wold  people  have  been  spoken  of  as  living  before  the  Roman 
conquest ;  but  this  view  has  been  opposed  by  some,  especially  by  Mr. 
Thomas  Wright,  who  place  them  at  a  time  when  the  Romans  had  left 
Britain.  But  from  Caesar  and  other  sources  we  learn  that  the  offen- 
sive arms  of  the  Britons  at  the  time  of  the  Roman  invasion  were  made 
of  iron.  Tet  no  trace  of  this  metal  has  been  found  in  the  Wold 
barrows.  And  neither  in  these,  nor  in  those  of  the  same  class  in 
other  ports  of  England,  has  any  article  showing  the  least  trace  of 
Roman  influence  been  found.  All  their  weapons,  implements,  &c, 
are  as  different  as  possible  from  corresponding  ones  of  Roman  manu- 
facture, both  in  shape,  material,  and  workmanship.  Is  it  possible 
that  several  centuries  of  the  imperial  rule  could  have  had  no  influence 
in  this  respect  ?  For  the  Wolds  were  in  the  vicinity  of  flourishing 
Roman  towns. 

We  can,  however,  come  to  only  an  approximate  date  for  these 
barrows.  But  taking  all  the  circumstances  into  consideration,  we 
cannot  place  them  later  than  a  hundred  years  before  Caesar  s  landing, 
and  probably  the  greater  part  of  them  belong  to  a  time  very  much 
earlier,  when  bronze,  though  known,  was  scarce.  More  extended 
researches  will  enable  us  to  come  to  a  more  certain  conclusion.  In 
the  meantime  it  is  safer  not  to  lay  down  any  specific  date,  but  to  say, 
what  we  can  with  confidence  do,  that  they  belong  to  a  time  which 
ends  a  century  or  two  before  the  occupation  of  Britain  by  the 
Romans. 

[W.  Q.] 
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Sir  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.,  President, 

in  the  Chair. 

Edwabd  Burnet  Ttlob,  Esq. 

On  Traces  of  the  Early  Mental  Condition  of  Man. 

It  an  antiquary  is  asked  his  opinion  as  to  the  early  condition  of  man- 
kind, he  will  probably  take  up  the  question  with  reference  to  an 
excellent  test  of  man's  civilization,  the  quality  of  the  tools  and  weapons 
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he  rises.  He  will  show  how,  within  our  own  knowledge,  the  use  of 
metal  instruments  has  succeeded  the  use  of  sharpened  stones,  or  shells, 
or  bones ;  how  the  stone  axes  and  arrow-heads  found  buried  in  the 
ground  prove  that  in  every  great  district  of  the  world  a  Stone  Age  has 
prevailed  at  some  more  or  loss  remote  period ;  and  lastly,  how  recent 
geological  researches  have  displayed  to  us  the  traces  of  a  Stone  Age 
extraordinarily  low  and  rude  in  character,  and  belonging  to  a  time  ae 
extraordinarily  remote  in  antiquity.  The  history  of  man,  as  thus  told 
by  a  study  of  the  implements  he  has  used,  is  the  history  of  an  upward 
development,  not  indeed  a  gradual  steady  progress  of  each  family  or 
tribe,  but  a  general  succession  of  higher  processes  to  lower  ones. 

Now  there  also  exists  evidence,  by  means  of  which  it  is  possible 
still  to  trace,  in  the  history  of  man's  mental  condition,  an  upward  pro- 
gress, a  succession  of  higher  intellectual  processes  and  opinions  to 
lower  ones.  This  movement  has  accompanied  his  progress  in  the 
material  arts  during  a  long  but  undefined  period  of  his  life  upon 
the  earth ;  and  of  this  evidence,  and  of  the  lines  of  argument  that  may 
bo  drawn  through  it,  the  object  of  the  present  discourse  is  to  give  a 
few  illustrative  examples. 

I.  In  the  first  place,  the  art  of  counting  may  be  examined  from  this 
point  of  view.  We  ourselves  learnt  to  count  when  wo  were  children, 
by  the  aid  of  a  series  of  words,  one,  two,  three,  four,  and  so  on,  which 
we  were  taught  to  associate  with  certain  numbers,  1,  2,  8,  4,  and  can 
thus  reckon  up  to  the  largest  imaginable  number,  and  down  to  the 
smallest  imaginable  fraction.  But  if  we  look  round  among  other 
tribes  of  men  we  find  a  very  different  state  of  things.  As  we  go  lower 
in  the  scale  of  civilization,  it  becomes  easier  and  easier  to  puzzle  a 
man  with  the  counting  of  20  objects,  or  oven  of  10,  and  to  drive  him 
to  the  use  of  nature's  counting-machine,  his  fingers.  When  we 
reach  the  low  level  of  the  savages  of  the  Brazilian  forests  or  of  Au- 
stralia, we  find  people  to  whom  3  or  4  are  large  numbers.  One  tribe, 
described  by  Mr.  Oldfield,  reckoned  one,  two,  and  then  bool-tka, 
"  many ; "  but  when  their  poor  word-language  fails  them  they  fall 
back  on  gesture-reckoning.  Mr.  Oldfield  tells  us,  for  instance,  how  he 
got  from  a  native  the  number  of  men  killed  in  a  certain  fight.  The 
man  began  to  think  over  the  names,  taking  a  finger  for  each,  and  thus 
after  many  unsuccessful  trials,  he  at  last  brought  out  the  result  by 
holding  up  his  hand  3  times,  to  show  that  the  number  was  15. 

Now  our  words  one,  two,  three,  four,  &c.,  have  no  etymology  to  us, 
but  among  a  large  proportion  of  the  lower  races  numerals  have  a 
meaning ;  as  among  many  tribes  of  North  and  South  America  and 
West  Africa  are  found  such  expressions  as,  for  5,  "  a  whole  hand," 
and  for  6,  "  one  to  the  other  hand,"  10,  "  both  hands,"  and  11,  "  one 
to  the  foot ; "  20,  "  one  Indian,"  and  21,  "  one  to  the  hands  of  the 
other  Indian; "  or  for  11,  "foot  1,"  for  12,  "foot  2;  "  for  20,  "a 
person  is  finished ; "  whilst  among  the  miserable  natives  of  Van  Die- 
men's  Land,  the  reckoning  of  a  single  hand,  viz.  5,  is  called  puganna, 
"  a  man." 
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For  displaying  to  us  the  picture  of  the  savage  counting  on  his 
fingers,  and  being  struck  with  the  idea  that  if  he  describes  in  words 
his  gestures  of  reckoning,  these  words  will  become  a  numeral,  perhaps 
no  language  approaches  the  Zulu.  Counting  on  his  fingers,  he  begins 
always  with  the  little  finger  of  his  left  hand,  and  thus  reaching  5,  he 
calls  it  "  a  whole  hand ; "  for  6,  he  translates  the  appropriate  gesture, 
calling  it  tatisitupa,  "  take  the  thumb ; "  while  7,  being  shown  in  gesture 
by  |he  forefinger,  and  this  finger  being  used  to  point  with,  the  verb 
komba,  "  to  point,"  comes  to  serve  as  a  numeral  expression,  denoting  7. 

Now,  though  many  numerals,  especially  fives,  tens,  and  twenties 
were  named  from  the  fingers,  hands,  and  feet,  this  is  far  from  being 
the  only  source  of  numerals.  Many  centuries  ago,  the  Hindu  scholars, 
besides  their  regular  series,  made  a  new  set  of  words  to  serve  as  a  sort 
of  memoria  technica  for  remembering  dates,  &c.  Thus,  for  1  they  said 
"earth"  or  "moon;"  for  2,  "eye,"  or  "arm,"  or  "wing;"  for  3, 
"  Rama"  or  "fire"  or  "  quality : " — there  being  considered  to  be  3 
Hamas,  3  kinds  of  fire,  3  gunas  or  qualities ;  for  4,  "  age  "  or  "  veda" 
because  there  are  4  ages  and  4  vedas.  One  line  of  an  astronomical 
formula  will  show  the  working  of  the  system  : — 

vahni  tri  rtwishu  gunendu  kritagnibhuta  : 
that  is  to  say, 

"  fire,  three,  season,  arrow,  quality,  moon,  four  of  dice,  fire,  element :" 
that  is  :  3  3  6  5  3  1  4  3  5. 

When  Wilhelm  von  Humboldt,  more  than  thirty  years  ago,  looked 
into  this  artificial  system  of  numeration,  it  struck  him  that  he  had  before 
him  a  key  to  the  general  formation  of  numerals.  When  a  Malay,  he 
said,  calls  5,  lima,  that  is,  "  hand,"  he  is  doing  the  same  thing  that 
the  Hindu  pandits  did  when  they  took  "  wing  "  as  a  numeral  for  2  ;  and 
then,  he  suggested,  the  numeral  words  having  thus  been  once  made,  the 
sooner  their  original  meaning  was  got  rid  of  and  they  were  reduced 
to  the  appearance  of  mere  unmeaning  symbols,  the  better  it  would  be 
for  their  practical  use  in  language.  Now  a  number  of  actual  facts  may 
be  brought  forward  in  support  of  Humboldt's  far-sighted  suggestion. 
The  Abipones  of  South  America  counted  to  3,  and  for  4,  said  "  ostrich- 
toes/'  from  the  division  of  their  ostrich's  feet ;  then  for  5,  "  one-hand ;" 
for  10,  "  two-hands  ;"  and  so  on.  In  Polynesia  there  is  a  regular  set 
of  decimal  numerals,  but  sometimes,  for  superstitious  reasons,  they 
turn  words  out  of  their  language  for  a  time,  and  have  to  use  fresh  ones. 
Thus,  in  Tahiti,  they  ejected  rua,  2,  and  rima,  5 ;  and  in  a  missionary 
translation  of  the  Bible  we  find  piti  and  pae  instead  ;  now  piti,  the 
new  word  for  2,  means  "  together,"  and  pae,  the  new  word  for  5,  means 
"side." 

In  other  South  Sea  islands,  the  habit  of  counting  fish  or  fruit  one  in 
each  hand  has  led  to  tauna, "  a  pair,"  becoming  a  numeral  equivalent  for 
2 ;  the  habit  of  tying  bread-fruit  in  knots  of  4  has  made  a  new  numeral 
pono,  "  a  knot,"  while  other  terms  for  10  and  100  have  had  their  origin 
from  words  meaning  "  bunch "  and  "  bundle."  And  so,  even  in 
European  languages,  numeral  words  break  out  from  timo  to  time, 
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ready  to  beeuino  proper  numbers,  should  a  vacancy  be  made  for  them 
in  the  now  monni unless  series  one,  two,  three,  four.  Thus  in  English 
we  have  pair  or  conjJe  for  2,  and  score,  that  is  "  notch,"  for  20.  The 
Letts  count  crabs  and  little  fish  by  throwing  them  3  at  a  time,  and 
thus  the  Wort  HMttaU,  "  a  throw,"  has  come  to  mean  3,  and  so  in  many 
other  cases  in  other  languages, 

Now  when  tribes  count  by  saying  hand  for  5,  take  Ihe  thumb  for  6, 
half  a  man  for  10,  and  so  on,  it  is  evident  that  tlio  basis  of  their  nu- 
meration is  linger- eon n ting  But  there  is  also  evidence  in  the  systems  of 
numeration  of  most  civilized  languages  Unit  they,  too,  are  the  successors 
of  a  rude  unspoken  ny.*t<;m  of  gesture  counting.  The  rule  of  the  whole 
world  is  to  connt  by  lives,  tens,  and  twenties ;  the  exception!  are  so  late 
or  so  incidental  that  wo  may  neglect  them  and  say  that  the  original 
counting  of  mankind  is  the  quinary,  the  decimal,  or  the  vigesimal 
system,  or  a  combination  of  these.  We  need  not  go  abroad  for 
examples.  In  the  Roman  numerals,  which  count  to  V,  and  then  begin 
again  VI,  VII,  wo  have  the  quinary  system,  Tlio  decimal  Byatem  is 
our  familiar  one.  And  when  wo  sjwak  of  "  threescore  and  ten," 
"  fourscore  and  thirteen,"  wo  are  counting  by  tlio  vigesimal  system, 
each  "  score  "  or  notch,  thus  ideally  made,  standing  for  20,  for  "  one 
man,"  as  a  Mexican  or  Carib  would  put  it.  It  is  a  very  curious  tiling 
that  both  we  and  the  French,  having  two  good  decimal  systems  of  our 
own,  should  have  run  off  into  vigcsinniiism.  Why  should  we  have  ever 
said  "fourscore  and  thirteen  "  for  the  93,  which  we  have  good  Saxon 
tens  to  express  ?  and  why  should  they  say  in  France,  "  quatre-vingt- 
treize,"  instead  of  holding  to  the  Latin  original  of  their  language,  and 
saying  "nonante-trois?"  Tbo  reason  seems  to  bo  that  counting  by 
scores  is  a  strongly  marked  Keltic  characteristic,  found  in  Welsh,  Irish, 
Gaelic,  and  Breton,  and  has  been  taken  up  into  the  alien  numeral 
systems  of  France  and  England.  At  any  rate,  the  rule  of  the  world  is 
to  count  by  fives,  tens,  and  twenties ;  and  the  connection  of  this  rule 
with  the  practice  of  counting  on  the  fingers  and  toes  will  hardly  he 
disputed.  Indeed  the  remark  has  often  been  made  that  the  fact  of  our 
having  10  fingers  anil  1 0  toes  has  led  us  into  a  system  which  is  actually 
not  tho  best;  while  if  wo  Lad  boil  G  fingers  on  each  hand,  and  6  toes 
on  each  foot,  we  should  probably  have  taken  to  using,  liko  the  car- 
penter, the  more  convenient  system  of  duodecimals. 

These  are  examples  of  the  facts  which  tond  to  show  that  man's 
early  way  of  counting  was  upon  his  fingers ;  as  Massion,  the  Abbe 
Sicard's  celebrated  deaf  and  dumb  pupil,  records  in  describing  his 
recollections  of  his  yet  uneducated  childhood  :  "  I  knew  the  numbers 
before  my  instruction ;  my  lingers  had  taught  me  them.  I  did  not 
know  the  ciphers.  I  counted  on  my  fingers."  Among  the  lower  races, 
tho  use  of  word- language  has  only  to  a  small  cstent  encroached 
upon  gesture-language  in  counting  ;  among  races  nhovo  these,  numeral 
words  ore  more  largely  used,  but  preserve  evident  traces  of  a  growth 
out  of  gesture- count ing ;  whilo  among  tho  higher  peoples,  though 
language  gives  little  trace  of  the  original  signification  of  numerals, 
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there  still  prevails  the  system  of  counting  by  fives,  tons,  and  twenties, 
of  which  wc  can  hardly  doubt  that  the  norm  is  given  by  the  arrangement 
of  the  fingers  and  toes.  Thus  it  appears  that  in  the  mental  history  of 
mankind  wo  may  see  bock  to  a  condition  go  much  lower  than  our  own, 
that  the  numerals,  which  we  look  upon  as  so  settled  a  part  of  speech 
that  we  nse  them  as  one  of  the  first  tests  of  the  conimou  derivation  of 
languages,  MM  still  unspoken,  and  their  purpose  was  served  by  tho 
ruder,  visible  signs  which  belong  to  the  department  of  gesture. 

II.  The  next  argument  to  be  brought  forward  belongs  to  a  very 
different  province  of  thought,  and  touches  on  the  early  opinions  of 
mankind  as  to  tho  nature  and  habil/t  of  gpirilual  beings.  It  is  well 
known  that  the  lower  races  of  mankind  account  for  the  facts  and 
events  of  tho  outer  world  by  ascribing  a  sort  of  human  life  and  person- 
ality to  animals,  and  even  to  plants,  rooks,  streams,  winds,  tho  sun 
■nd  stare,  and  so  on  through  the  phenomena  of  nature.  It  is  also 
known  that  a  low  stratum  of  the  religion  of  the  world  consists  in 
belief  in,  and  adoration  of,  spiritual  beings  who  inhabit  the  winds 
and  trees  and  streams,  who  preside  over  the  ripening  of  fruits  and  tho 
falling  of  rain,  give  success  in  war,  or  inflict  disease  or  misfortune  on 
the  savage  hunter.  Thus  the  Mintira,  a  low  tribe  on  the  Malayan 
peninsula,  ascribe  every  ailment  that  happens  to  them  to  a  spirit  or 
hiintu.  One  causes  unulpax,  tnothffr  brings  swelling  and  inflammation 
in  hands  and  feet,  another  causes  tho  blood  to  flow  from  wounds;  indeed, 
to  enumerate  all  these  htntit*  would  he  to  give  a  list  of  all  their  known 
ailments.  The  worship  of  such  spirits,  found  aiuong  tho  lower  races 
over  almost  tho  whole  world,  is  commonly  known  as  "fotiehism."  It 
is  clear  that  this  childlike  theory  of  the  animation  of  all  nature  lies  at 
the  root  of  what  we  call  Mythology  ;  if  the  sun  anil  moon  are  described 
as  semi-human  beings,  called  by  tho  Greeks,  Helios  and  Scleno,  by  the 
Esquimaux,  Anninga  and  Malina,  this  person iflcation  is  founded  on 
an  original  opinion  still  found  in  lively  existence  in  the  world,  that 
the  sun  and  moon  aro  living  Anthropomorphic  creatures.  It  would 
probably  add  to  the  clearness  of  our  conception  of  the  stato  of  mind 
«h:i.-h  thus  sees  in  all  nature  the  action  of  animated  life  and  the  pre- 
sence of  innumerable  spiritual  boings,  if  we  gave  it  the  name  of 
Animism  instead  of  Fetich  ism.  Now  by  examining  a  single  phase  of 
this  Animism,  it  seems  possible  to  give  some  idea  how  generally  man 
in  his  lowest  known  state  of  culture  is  a  wonderfully  ignorant,  con- 
sistent, and  natural  spiritualist ;  and  also  how  the  effects  of  his  early 
spiritualism  may  he  traced  through  the  development  of  more  cultured 
races  in  proceedings  which  have  often  changed  their  meaning,  and 
lf*t    their   original    consistency  by   tho    encroachment   of   more    real 


We  all  know  how  deep  and  sincere  is  tho  terror  of  ghosts  among 
»vages.  It  is  often  no  exaggeration  to  say  that  they  are  in  more 
deadly  fear  of  a  man  after  he  is  dead  than  while  he  is  alive.     The 


savage's  notion   of  a   ghost  corresponds  very  nearly  with  that  of  the 
English  peasant  in  our  own  day — it  is  a  thin  phantom  going  from 
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place  to  place,  like  the  person  it  belonged  to,  when  it  does  appear,  but 
often  invisible,  though  capable  of  knocking  and  uttering  sounds.  The 
notion  of  the  ghost  runs  almost  inextricably  into  that  of  the  spirit  or 
soul,  of  the  breath  and  the  blood,  and  of  those  unsubstantial  some- 
things which  follow  the  man  and  are  like  him,  his  shadow  and  his  reflec- 
tion in  the  water.  Now  it  is  consistent  with  this  opinion  of  ghosts  to 
hold  that  by  killing  a  man  you  can  release  his  ghost  and  send  it  where 
you  will.  This  is  what  the  king  of  Dahome  does  when  he  sends  men 
day  after  day  to  take  messages  to  his  father  in  the  land  of  shadows. 
The  Getie,  according  to  Herodotus,  sent  a  man  every  five  years  to  their 
god  Zamolxis,  giving  him  their  messages,  and  then  throwing  him  up 
and  catching  him  on  their  spears.  Thus  in  British  India,  some  eighty 
years  ago,  it  is  on  record  that  two  Brahmans,  believing  that  a  man 
had  taken  forty  rupees  out  of  their  house,  took  their  own  mother  and 
cut  her  head  off,  that  her  ghost  might  torment  and  pursue  to  death  the 
offender  and  his  family — the  old  woman  being  herself  a  consenting 
party  to  the  transaction.  This  is  not  an  isolated  case,  but  one  belong- 
ing to  a  recognized  Hindu  practice. 

In  perfect  accordance  with  this  opinion  we  find  in  almost  every 
country  in  the  world,  at  some  time  or  other,  the  practice  of  slaying 
men  and  women  at  the  graves  of  tho  dead.  In  one  of  the  South  Sea 
Islands  a  cord  is  put  round  the  wife's  neck  at  her  marriage,  and  when 
her  husband  dies  it  will  be  tightened,  to  release  her  soul,  that  it  may 
accompany  his  to  the  land  of  shadows,  and  continue  to  catch  fish  and 
cook  yams  for  him  there.  The  Dyaks  of  Borneo  have  a  passion  for 
waylaying  their  enemies  and  bringing  home  their  heads ;  as  they  told 
Mr.  St.  John,  "  tho  white  men  read  books,  we  hunt  for  heads  instead." 
They  do  tliis  to  secure  the  services  of  a  slave  in  the  next  world.  These 
practices  are  the  consistent  working  out  of  a  spiritualistic  theory, 
which,  if  crude  and  false,  is  at  any  rate  intelligible.  To  some  extent 
the  same  may  be  said,  when  not  only  the  dead  man's  wives  and  slaves 
but  his  dogs  and  horses  are  killed,  and  buried  or  burnt  at  his  grave. 
The  man's  ghost  is  to  ride  the  horse's  ghost  in  the  land  of  shadows, 
and  the  dog's  ghost  will  run  on  before  after  ghostly  game  ;  or,  as  in 
Mexico,  the  dog  was  to  carry  the  man  across  the  river  which  lies 
between  the  world  of  tho  living  and  tho  world  of  the  dead ;  while  in 
Greenland,  a  dog's  head  was  placed  by  the  grave  of  a  little  child,  that 
the  soul  of  the  dog,  who  ever  knows  his  way  home,  might  guide  the 
helpless  infant  to  the  land  of  spirits. 

But  when  not  only  men  and  animals  but  inanimate  objects  are 
buried  or  burnt  for  the  dead,  what  does  this  mean  ?  When  the  hunt- 
ing tribes  of  North  America  provide  the  dead  man  with  his  favourite 
horse,  and  at  the  same  time  with  his  bow  and  arrows ;  while  the  fishing 
tribes  bury  the  dead  man  in  his  canoe,  with  the  paddle  and  the  fish- 
spear  ready  to  his  hand,  what  difference  can  we  discern  between  the 
purpose  of  the  animate  and  of  the  inanimate  offerings,  which  alike 
are  to  serve  the  spirit  of  their  owner  ?  When  the  doad  chief's  wives 
and  his  slaves,  his  horses,  his  weapons,  his  clothes  and  ornaments,  are 
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indiscriminately  IhsM  with  him ;  when  food  is  put  in  the  grave  with 
the  dead  man  and  fresh  supplies  brought  every  month  ;  when  the  little 
child  ie  provided  with  its  rattle  and  playthings,  and  the  dead  warrior 
has  the  ceremonial  pipe  put  in  his  hand,  that  he  may  hold  it  out  as 
a  symbol  of  peace  when  he  eorncB  to  the  other  world,  while  a  store  of 
paint  is  buried  with  him  that  he  may  appear  decently  ammig  his  brother 
warriors  ;  in  those  and  hundreds  of  other  instances,  the  spirit  of  the 
ih.uii  man  is  to  use.  the  spirits  alike  of  men  and  animals,  and  of  weapons, 
clothos,  and  food.  Then  we  should  expert  savages  to  be  found  recog- 
nizing the  existence  of  something  of  the  nature  of  a  spirit  or  ghost 
lielougiu;;  to  inanimate  objects  ;  and  this  in  fact  they  do.*  The  exist- 
ence of  the  Fijian  opinion  is  well  authenticated,  that  lifeless  objuetB 
have  spirits,  and  that  the  souls  of  canoes,  houses,  plants,  broken  pots, 
and  weapons,  may  be  seen  floating  down  the  river  of  death  into  tho 
land  of  souls:  and  nrntMVtlg  into  North  America,  we  find  the  same  idea, 
not  only  that  souls  are  like  shadows,  and  that  everything  is  animate  in 
the  universe,  but  that  the  souls  of  hatchets,  kettles,  anil  such  like 
things,  as  well  as  of  men  and  animals,  have  to  pass  across  the  water 
whieh  lies  between  their  homo  in  this  life  and  the  Great  Village  where 
tho  sun  sets  in  the  far  West.  Wo  must  not  expect  the  spirits  of  spears 
and  kettles  to  have  the  same  distinctness  and  vitality  in  savage,  phi- 
losophy as  the  spirits  of  men  and  horses.  Inanimate  objects  want  those 
signs  of  life  that  are  given  to  men  and  animals  by  the  breath,  the 
blood,  tho  independence  of  voluntary  action;  but  at  any  rate  they 
have  shadows,  as  in  the  New  Zealand  tale  of  To  Kanawa,  who  offered 
tho  fairies  his  neck  ornament  and  ear-rings  ;  they  took  the  shadows 
of  them,  hut  the  substance  they  left  behind.  They  have  also  thai  pro- 
perty, which  in  tho  mind  of  tho  savage  has  so  much  to  do  with  defin- 
ing the  nature  of  ghosts— their  impalpable  phantoms  can  and  do 
appear  far  away  from  where  their  real  eulwtance  is.  in  the  dreams  and 
hallucinations  which  savages  look  on  as  real  events.  When  we  meet 
with  notions  of  apparitions  among  more  civilized  people,  it  seems  that 
they  hold  a  theory  inherited  from  the  full  Animism  of  the  lower  races, 
but  much  damaged  in  its  consistency  by  the  interference  of  a  better 
knowledge  of  facts.  When  tho  ghost  of  Hamlet's  father  appeared,  he 
"wore  his  beaver  up."  What  boaver?  To  a  European  believer  in 
ghosts,  it  would  seem  foolish  to  talk  of  the  ghost  of  a  helmet ;  but  to  a 
North  American  Indian  it  is  quite  reasonable  that  a  helmet  should 
have  a  ghost  as  well  as  the  warrior  who  puts  it  on  bis  ghostly  head. 
Tho  opinion  of  tho  European  ghost-seer  is  no  doubt  the  more  scientific, 
the  more  affected  by  know  ledge  of  the  facts  of  nature;  hut  the  broader 
spiritualism  of  the  savage  is  more  full,  more  thoroughly  consistent, 
because,  as  there  is  much  reason  to  think,  it  is  nearer  to  its  source. 

•  The  Kpciiker  mentioned  tlml  In*  limt  juet  found  in  tlie  works  of  nn  American 
writer,  Mr.  Alger,  hid'j»/.iileiit  con  Brum  lion  of  tbo  view  lie  hail  tnkea  of  llio 
unvnge  theory  of  -qiirit*,  a*  iiicludiug  spectres  of  inanimate  as  well  aa  of  animals 
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A  slight  acquaintance  with  the  spiritualism  of  the  savage  has 
sometimes  led  to  its  being  considered  as  the  result  of  a  degeneration 
from  the  opinions  of  more  cultured  races  ;  but  more  complete  know- 
ledge of  the  facts  tends  to  show  that  such  an  opinion  inverts  the  real 
history  of  events.  The  way  in  which  the  fullest  and  most  consistent 
theory  of  ghosts  is  at  home  among  savage  tribes  is  well  shown  by  the 
belief  that  the  spirit  arrives  in  the  next  world,  whole  or  mutilated, 
according  to  the  condition  of  the  body  at  death.  For  instance,  there 
is  an  Australian  tribe  who  believe  that  if  a  man  be  loft  unbailed,  his 
soul  becomes  a  wandering  ghost.  If  one  of  their  warriors  kills  his 
enemy,  he  is  sometimes  embarrassed  with  the  difficulty  that  by  so 
doing  ho  is  setting  free  a  hostile  ghost  to  vex  his  own  people,  and 
therefore  he  resorts  to  the  device  of  cutting  off  the  dead  man's  right 
thumb,  so  that  the  ghost  can  no  longer  throw  his  spear,  and  may  be 
safely  left  to  wander  as  an  evil  spirit,  malignant  but  harmless.  The 
history  of  the  very  funeral  offerings  just  spoken  of  shows  in  the  most 
interesting  way  the  progress  of  a  ceremony  from  its  source  in  a  crude 
and  savage  philosophy  to  its  gradual  breaking-down  into  mere 
formality  and  symbolism.  To  the  Aryan  of  the  Yedas  it  was  quite 
reasonable  to  burn  the  priestly  sacrificial  implements  with  the  dead 
man's  body,  for  his  use  in  the  next  world ;  but  the  modern  Hindu  lays 
one  thread  of  woollen  yarn  on  the  funeral  cake  of  his  father,  saying, 
cc  May  this  apparel,  made  of  woollen  yarn,  be  acceptable  to  thee ! " 
We  may  learn  from  Ovid  how  the  offerings  of  food  to  the  dead,  in 
ruder  times  a  thorough  practical  savage  proceeding,  had  in  his  time 
dwindled  to  a  mere  affectionate,  sentimental  ceremony.  Garlands, 
ho  says,  and  some  scattered  corn  and  grains  of  salt,  and  bread 
steeped  in  wine,  and  violets  laid  about :  with  these  the  shade  may 
bo  appeased.  "Little  the  manos  ask,  the  pious  thought  stands  in* 
stead  of  the  rich  gift,  for  Styx  holds  no  greedy  gods." 

44  Parva  petunt  manes — pictas  pro  divite  grata  est 
Munere.    Xon  avidos  Styx  habet  ima  deos." 

We  may  see  how  the  early  Christians  kept  up  the  heathen  custom 
of  burying  ornaments  with  the  dead,  of  putting  playthings  in  a  child*s 
grave,  doing  just  what  a  red  Indian  squaw  will  do,  but  doing  it  with 
how  changed  a  purpose.  The  Chine  so  keeps  up  the  time-honoured 
custom  of  providing  the  dead  with  clothes  and  money ;  but  the  money 
that  he  will  palm  off  on  his  dead  father  is  a  pasteboard  coin  stamped 
like  a  Spanish  dollar  and  covered  with  silver-leaf ;  this  he  will  burn, 
and  his  father  will  have  the  spirit  of  it  to  spend  in  the  next  world. 
The  same  Chinese  will  yearly  spread  a  feast  for  the  souls  of  his  dead 
ancestors  ;  ho  and  his  friends  will  wait  a  decent  while  for  the  ghosts 
to  cat  tho  spirits  of  the  food,  and  then  they  will  fall  to  themselves. 
To  sec  tho  same  thing  done  nearer  home,  you  have  only  to  travel  into 
Brittany,  where  on  tho  night  of  tho  Fete  des  Morts  you  will  find  the 
fire  made  up  and  the  hearth  swept,  and  the  supper  left  on  the  table 
for  the  souls  of  the  I.  d  to  come  and  take  their  part.     And  when  we 
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see  a  wreath  of  everlastings  laid  upon  a  tomb,  or  a  nosegay  of  fresh 
flowers  thrown  into  an  open  grave,  a  full  knowledge  of  the  history  of 
funeral  offerings  seems  to  justify  us  in  believing  what  we  shftuld 
hardly  have  guessed  without  it,  that  even  here  we  see  a  relic  of  the 
thoughts  of  the  rudest  savages  who  claim  a  common  humanity  with  us, 
a  funeral  offering  vastly  changed  in  signification,  but  nowhere  broken 
in  historic  sequence. 

Lastly.  Another  subject  may  be  found  to  throw  light  upon  an  early 
condition  of  men's  minds.  We  are  all  agreed  that  there  is  a  certain 
mental  process  called  the  association  of  ideas.  That  we  are  in  the  habit 
of  connecting  in  our  minds  different  things  which  have,  in  actual  fact, 
no  material  connection,  we  all  admit  as  a  matter  belonging  to  this 
association  of  thoughts  or  of  ideas.  Now  we  have  been  taught  to 
keep  an  eye  on  the  action  of  the  association  of  thoughts,  to  recognize 
it  as  a  fallacious  process  apt  to  lead  us  into  all  manner  of  unreasonable 
opinions.  But  if  we  descend  to  a  lower  range  of  civilization,  we  shall 
find  that  the  mental  association  which  we  tolerate  as  a  sort  of  amiable 
weakness,  and  against  which  we  are  at  any  rate  forewarned  and  fore- 
armed, is  the  very  philosophy  of  the  savage.  There  is  one  particularly 
excellent  way  of  studying  the  effects  of  the  association  of  thought.  It 
began  to  produce,  in  a  time  associated  with  a  very  low  human  condition, 
a  set  of  opinions  and  practices  known  as  the  occult  sciences,  witchcraft, 
divination,  astrology,  and  the  like.  The  germs  of  these  imaginary 
sciences  are  to  be  found  still  lively  among  the  lower  races.  Their 
development  into  elaborate  pseudo-scientific  systems  belongs  to  a 
period  now  beginning  to  pass  away ;  and  we  can  still  study  them  in 
their  last  stage  of  existence,  that  in  which  their  remnants  have  lingered 
on  into  a  period  of  higher  mental  culture,  and  have  become  survivals, 
or,  as  we  call  them,  "  superstitions."  In  producing  the  occult  sciences, 
the  association  of  thought  works  in  ways  most  distinctly  recognizable. 
When  the  Polynesian  weather-maker  practises  on  his  sacred  stone, 
wets  it  when  he  wants  to  produce  rain,  and  puts  it  to  the  fire  to  dry 
when  he  wants  dry  weather ;  and  when  in  Europe  water  is  poured  on 
a  stone,  or  a  little  girl  led  about  and  pails  of  water  poured  on  her  that 
rain  may  in  like  manner  be  poured  down  from  the  sky,  we  have  prac- 
tices resting  on  the  most  evident  and  direct  association  of  thoughts. 

Thus  we  may  see  a  Zulu  busy  chewing  a  bit  of  wood,  and  thereby 
performing  an  ideal  operation,  softening  the  heart  of  another  Zulu  with 
whom  he  is  going  to  trade  cows,  that  he  may  get  a  better  bargain  out  of 
him.  So  it  is  when  we  find  lingering  in  England  a  practice  belonging 
thoroughly  to  the  savage  sorcerer,  that  of  making  an  image  representing 
an  enemy  or  part  of  him,  and  melting  it,  drying  it  up,  or  wounding  it, 
that  the  like  may  happen  to  the  person  with  whom  it  is  associated. 
From  time  to  time  there  is  still  found  hidden  about  some  country 
farm  such  a  thing  as  a  heart  stuck  full  of  pins,  the  record  of  some 
secret  story  of  attempted  magic  vengeance. 

In  the  ancient  and  still  existing  art  of  astrology,  we*  see  the  same 
early  delusive  association  of  ideas  producing  results  so  perfectly  intel- 
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ligible  to  ns,  that  it  is  really  difficult  for  educated  people  to  have 
patience  to  study  its  details.  An  astrologer  will  tell  us  how  the  planet 
Jupiter  is  connected  with  persons  of  a  bold,  hearty,  jovial  temperament ; 
and  how  the  planet  Venus  has  to  do  with  love  and  marriage ;  while  to 
us  the  whole  basis  of  this  theory  lies  in  the  accident  of  the  names  of 
certain  gods  having  been  given  to  certain  stars,  which  are  therefore 
supposed  to  have  the  attributes  of  these  gods.  The  wonder  is  not  that 
much  of  the  magician's  sham  science  is  inexplicable  to  us,  but  that  the 
origin  of  so  many  of  its  details  is  still  evident. 

[An  extract  from  Zodkiel's  almanac  was  here  read,  with  the  object 
of  showing  the  principle  on  which  the  astrologer's  deductions  are  still 
made,  the  movements  of  the  heavenly  bodies  being  simply  taken  to 
symbolize  human  action,  virtue  and  good  fortune  being  connected  with 
the  aspects  of  the  Sun  and  Jupiter  (sunny  and  jovial  influences),  &c, 
the  working  of  the  early  childlike  principle  of  the  association  of  ideas 
being  thus  traceable  through  the  occult  sciences  from  their  rise  among 
savages  to  their  decay  among  educated  men.] 

By  the  study  of  facts  like  those  of  which  a  scanty  selection  has  here 
been  brought  forward,  it  seems  possible  to  look  back  to  an  early  condition 
of  our  race  much  more  nearly  corresponding  with  that  of  existing  savages 
than  with  that  of  tho  civilized  nations  even  of  very  ancient  times. 
We  seem  to  have  before  us  tho  traces  of  a  state  of  language  so  low  that 
words  for  counting  had  not  yet  arisen  in  it,  but  more  gesture-language 
served  their  purpose.  It  is  not  meant  to  imply  that  we  have  evidence 
of  a  state  of  pure  gesture-language  anterior  to  any  spoken  language : 
we  do  not  seem  to  have  such  evidence,  and  even  among  the  lower 
animals  we  find,  in  a  rudimentary  form,  expression  by  action  and  by 
voice  going  on  together.  In  the  working  of  the  minds  of  these  early 
tribes,  we  trace  a  childlike  condition  of  thought  in  which  there  is  a 
wonderful  absence  of  definition  between  past  and  future,  between  fact 
and  imagination,  between  last  night's  dream  and  to-day's  waking. 
Out  of  this  state  of  mind  we  find  arising  all  over  the  world  a  consistent, 
intense,  and  all-pervading  spiritualism  to  form  a  basis  upon  which 
higher  intellectual  stages  have  been  roared.  In  this  low  and  early 
mental  state  there  reigns  supreme  tho  faculty  of  association  of  thoughts. 
Out  of  this,  when  unchecked  by  experience,  arise  those  delusions 
of  sorcery  which  pervade  and  embitter  the  whole  life  of  the  savage, 
and  carry  a  stream  of  folly  far  on  into  the  culture  of  the  higher  races. 
But  through  ago  after  age  there  has  gone  on  a  slow  process  of 
natural  selection,  ever  tending  to  thrust  aside  what  is  worthless,  and 
to  favour  what  is  strong  and  sound.  Wilhelm  von  Humboldt,  already 
once  quoted,  may  serve  us  again  by  laying  down  in  few  words  one  of 
tho  great  generalizations  of  our  intellectual  history.  "  Man,"  he  says, 
"  ever  seeks  tho  connection,  even  of  external  phenomena,  first  in  the 
realm  of  thought ;  ....  his  first  endeavour  is  to  rule  nature 
from  the  idea  outward." 

Now  if  the  result  of  inquiries  like  the  present  were  to  bring  out 
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mere  abstract  truth,  barren  of  all  practical  importance — this  would 
perhaps  be  the  last  place  where  it  would  be  needful  to  apologize  for 
the  want.  But  it  is  to  be  noticed  that  they  do  happen  to  have  this 
practical  importance.  There  are  certain  studies  which  have  entered 
upon  a  thoroughly  scientific  stage,  and  ask  no  aid  from  ethnographic 
research ;  they  care  nothing  for  the  crude  theories  of  earlier  times,  but 
go  directly  to  their  own  observed  facts  by  which  they  must  stand  or 
fall.  But  there  are  other  studies,  of  not  less  importance  to  us  than 
Astronomy  or  Chemistry,  which  are  in  a  very  different  state.  In  such 
especially  as  relate  to  man,  the  operations  of  his  mind,  his  relations 
to  the  rest  of  the  universe,  the  past  and  future  condition  of  his  race, 
his  ethical  and  political  rights  and  duties — in  all  these  complex 
and  difficult  problems  we  find  established  side  by  side  sources  of 
opinion  of  very  different  value.  Some  opinions  come  to  us  authorized 
by  the  best  of  evidence,  and  when  put  to  the  test  of  reason  and  ex- 
perience the  trial  proves  their  soundness.  Others  again,  though 
founded  on  some  crude  theory  of  less  educated  times,  have  been  so 
altered  in  their  scope  and  meaning  by  the  lessons  of  experience,  as 
to  be  on  the  whole  the  best  known  representatives  of  facts,  and  by 
this  not  unsatisfactory  title  they  hold  their  ground.  Others,  lastly, 
may  arise  out  of  opinions  belonging  to  a  low  stage  of  culture,  and 
maintain  their  place,  not  because  they  are  proved  to  be  true  or  useful, 
but  simply  because  they  have  been  inherited  from  long  past  genera- 
tions. Now  it  is  one  duty  of  ethnographic  research  to  follow  up  these 
lines  of  thought,  to  mark  out,  among  existing  opinions,  which  are 
old  notions  kept  up  in  a  modified  condition  to  answer  a  more  modern 
purpose ;  in  what  cases  a  growing  knowledge  goes  about  with  the  re- 
mains of  the  old  philosophy  which  once  clothed  it,  now  hanging  in 
strips  and  tatters  about  its  back ;  in  what  case  opinions  belonging  to 
a  low  and  early  mental  state  survive  into  the  midst  of  a  higher  culture, 
pretending  to  be  knowledge,  and  being  really  superstition.  Thus  the 
study  of  the  lower  races  has  a  work  to  do  in  facilitating  the  intellectual 
progress  of  the  higher,  by  clearing  the  ground,  and  leaving  the  way 
open  for  the  induction  of  general  laws  and  their  correction  by  the 
systematic  observation  of  facts,  to  the  results  of  which  method  alone 
we  may  fitly  give  the  name  of  Science. 

[E.  B.  T.] 
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On  the  Various  Modes  of  Flight  in  relation  to  Aeronautics. 

The  subject  of  flight,  natural  and  artificial,  is  ono  which  has  occupied 
the  attention  of  mankind  from  a  very  early  period. 

It  involves  a  more  or  less  intimate  acquaintance  with  Anatomy, 
Physiology,  Mechanics,  and  the  higher  branchos  of  Mathematics. 

If  regarded  as  a  natural  movement,  it  forms  one  of  the  three 
kinds  of  locomotion  by  which  animals  progress — the  remaining  two 
being  walking  and  swimming  :  if  regarded  as  an  artificial  one,  it  repre- 
sents the  unsolved  problem  of  that  grand  trio  which  has  for  its  integral 
parts  tho  locomotive,  steamboat,  and  flying-machine.  Had  time  per- 
mitted, it  was  my  intention  to  have  gone  into  the  subject  of  locomotion 
at  length.  I  find,  however,  I  must  curtail  my  remarks  under  this 
head,  which  I  do  with  reluctance,  from  a  feeling  that  the  chain  of 
animal  movements,  like  the  great  chain  of  existence,  winds  in  and  out 
and  doubles  upon  itself  so  completely,  as  to  render  a  partial  examina- 
tion of  it  in  many  respects  unsatisfactory. 

The  movements  of  animals  arc  adapted  oithcr  to  the  earth,  the 
water,  or  the  air.  There  are  others,  however,  of  a  mixed  character, 
where  they  are  suited  equally  to  the  land  and  water,  or  even  to  the 
land,  water,  and  air. 

The  instruments  by  which  locomotion  is  attained  are  therefore 
specially  modified. 

This  is  necessary  because  of  the  different  densities  and  the  different 
degrees  of  resistance  furnished  by  tho  land,  water,  and  air  respec- 
tively. 

As  tho  earth  affords  a  greater  amount  of  support  than  the  water, 
and  tho  water  than  the  air,  it  requires  a  greater  degree  of  muscular 
exertion  to  swim  than  to  walk,  and  a  still  greater  one  to  fly. 

For  this  reason  flight  is  the  most  laborious,  and  in  some  respects 
the  most  complicated  and  difficult,  of  all  the  animal  movements. 

The  peculiarities  of  the  different  media,  as  for  as  locomotion  is 
concerned,  may  be  briefly  stated. 
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On  the  land  we  have  the  maTimmn  of  resistance  and  the  minimum 
of  displacement. 

In  the  air,  the  minimum  of  resistance  and  the  maximum  of  dis- 
placement. 

The  water  is  intermediate  in  these  respects. 

As  a  consequence,  the  feet  of  land  animals  are  small — their  bodies 
large.     The  horse  and  deer  furnish  examples. 

In  those  land  animals  which  take  to  the  water  occasionally,  or  the 
reverse,  the  feet  are  enlarged  and  usually  provided  with  a  membraneous 
expansion  between  the  toes.  Of  such,  the  otter,  ornithorhynchus, 
seal,  frog,  turtle,  and  crocodile  may  be  cited. 

In  addition  to  the  land  animals  which  run  and  swim,  there  are 
some  which  precipitate  themselves,  parachute  fashion,  from  immense 
heights,  and  others  which  even  fly.  In  these  the  membraneous  expan- 
sions are  greatly  increased  -  the  ribs  affording  the  necessary  degree  of 
support  in  the  dragon  or  flying  lizard,  the  anterior  and  posterior 
extremities  in  the  flying  lemur,  flying  cat,  and  bat. 

Although  no  lizard  is  at  present  known  to  fly,  there  can  be  little 
doubt  that  the  extinct  pterodactyles,  which  are  intermediate  between 
the  lizards  and  crocodiles,  were  possessed  of  this  power. 

The  bat  is  interesting  as  being  the  only  mammal  at  present  enjoy- 
ing the  privilege  of  flight ;  it  is  likewise  instructive,  as  showing  that 
flight  may  be  attained  without  the  aid  of  hollow  bones  and  air-sacs,  by 
purely  muscular  efforts  and  by  the  mere  contraction  and  dilatation  of 
a  continuous  membrane. 

If  we  now  direct  our  attention  to  the  water  we  find  that  the 
amount  of  surface  engaged  in  locomotion  greatly  exceeds  that  in  the 
amphibia.     The  fish  furnishes  the  best  example. 

In  it  the  lower  half  of  the  body  and  the  broadly-expanded  tail  are 
applied  to  the  water  very  much  as  an  oar  is  in  sculling.  The  sea-mam- 
mals, as  the  whale,  dugong,  manatee,  and  porpoise,  swim  in  precisely 
the  same  manner  as  the  fish,  with  this  difference  that  the  tail  strikes 
from  above  downwards,  or  vertically  instead  of  horizontally,  or  from 
side  to  side.     The  seal  is  exceptional  in  this  respect. 

The  animals  which  furnish  the  connecting  link  between  the  water 
and  the  air  are  the  flying  fishes  on  the  one  hand,  and  the  diving  birds 
on  the  other :  the  former  sustaining  themselves  for  considerable  inter- 
vals in  the  air  by  means  of  their  enormous  pectoral  fins,  the  latter 
using  their  wings  for  flying  above  and  beneath  the  water,  as  occasion 
demands. 

I  have  carefully  examined  the  relations,  structure,  and  action  of  the 
fins  in  the  flying-fish,  and  am  of  opinion  that  they  act  as  true  pinions ; 
their  inadequate  dimensions  only  preventing  them  from  sustaining  the 
fish  for  an  indefinite  period  in  the  air,  at  all  events  so  long  as  they 
remain  moist.  They  operate  upon  the  air  from  beneath,  after  the 
manner  of  a  kite  or  spiraHfcr,  and  in  so  doing,  lever  the  animal  upwards 
and  forwards. 

If  they  did  not  act  as  true  pinions  within  certain  limits  it  is  difficult 
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and  indeed  impossible  to  understand  how  such  small  creatures  could 
obtain  the  momentum  necessary  to  project  them  a  distance  of  200  or 
more  yards,  and  that  sometimes  at  an  olevation  of  20  feet  above  the  water. 

In  birds  which  fly  indiscriminately  above  and  beneath  the  water 
the  wing  is  generally  provided  with  stiffer  feathers  than  usual,  and 
reduced  to  a  minimum  as  regards  size.  In  subaqueous  flight  the  wings 
may  act  by  themselves,  as  in  tho  guillemots,  or  in  conjunction  with 
the  feet,  as  in  the  grebes ;  but  in  either  case  it  is  tho  hack  or  convex 
surface  of  the  wing  which  gives  the  effective  stroke,  tho  wing  in  such 
birds  as  the  great  auk,  which  aro  incapable  of  flight,  being  for  this 
purposo  twisted  completely  round,  in  order  that  its  concave  surface 
which  takes  a  better  hold  of  tho  water  may  be  directed  backwards. 

The  wing  therefore  operates  very  differently  in  and  out  of  the 
water. 

In  the  water  it  acts  as  an  auxiliary  of  tho  foot,  and  both  strike 
backwards  and  downwards. 

In  the  air,  on  tho  contrary,  it  strikes  downwards  and  forwards,  and 
this  is  a  point  deserving  of  attention,  as  showing  that  the  oblique 
surfaces  presented  by  animals  to  tho  water  and  air  are  made  to  act  in 
opposite  directions.  This  is  owing  to  tho  greater  density  of  the  water 
as  compared  with  the  air  ;  the  former  supporting  or  nearly  support- 
ing the  animal  acting  upon  it ;  the  latter  permitting  the  **»!»*!  to 
fall  through  it  in  a  downward  direction. 

But  to  come  to  the  subject  more  particularly  in  hand,  viz. : — 

Flight  in  its  relation  to  Aeronautics. — The  atmosphere,  because  of 
its  groat  tenuity,  mobility,  and  comparative  imponderability,  presents 
little  resistance  to  bodies  passing  through  it  at  low  velocity.  If,  how- 
ever, tho  speed  be  greatly  increased,  the  action  of  even  an  ordinary 
cane  is  sufficient  to  elicit  a  recoil. 

This  comes  of  the  action  and  reaction  of  matter,  tho  resistance 
experienced  varying  according  to  the  density  of  the  atmosphere  and 
the  shape,  extent,  and  velocity  of  tho  body  acting  upon  it  While, 
therefore,  almost  no  impediment  is  offered  to  the  progress  of  an  animal 
in  motion,  it  is  often  exceedingly  difficult  to  compress  the  air  with 
sufficient  rapidity  and  energy  to  convert  it  into  a  suitable  fulcrum  for 
securing  the  onward  impetus.  This  arises  from  tho  fact  that  bodies 
moving  in  this  medium  experience  the  minimum  of  resistance  and 
occasion  the  maximum  of  displacement.  Another  and  very  obvious 
difficulty  is  traceable  to  the  great  disparity  in  the  woight  of  air  as 
compared  with  any  known  solid  (this  in  tho  case  of  water  being  nearly 
as  1000  to  1),  and  the  consequent  want  of  buoying  or  sustaining  power 
which  that  disparity  necessitates.  To  moet  these  peculiarities  the 
insect  and  bird  are  furnished  with  extensive  surfaces  in  tho  shape  of 
pinions  or  wings,  which  they  con  apply  with  singular  velocity  and 
power  at  various  angles,  or  by  alternato  slow  and  sudden  movements, 
to  obtain  the  necessary  dogree  of  resistance  and  non-resistance.  Their 
bodies,  moreover,  are  constructed  on  strictly  mechanical  principles: 
lightness,  strength,  and  durability  of  frame ;  and  power,  rapidity  and 
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precision  of  action,  being  indispensable.  The  cylindrical  method  of 
construction  is  consequently  carried  to  an  extreme;  the  bodies  and 
legs  of  insects  displaying  numerous  unoccupied  spaces,  while  the 
muscles  and  solid  parts  are  tunnelled  in  every  direction  by  innumer- 
able air-tubes  which  communicate  with  the  surrounding  medium  by 
a  series  of  apertures  termed  spiracles. 

A  somewhat  similar  disposition  of  parts  is  met  with  in  birds,  these 
being  in  many  cases  furnished  not  only  with  hollow  bones,  but  also 
(especially  the  aquatic  one%)  with  a  liberal  supply  of  air-sacs.  They 
are  also  provided  with  a  dense  covering  of  feathers  or  down,  which 
adds  greatly  to  their  bulk  without  materially  increasing  their  weight. 
The  air-sacs  are  well  seen  in  the  swan,  goose,  and  duck  ;  and  I  have 
in  several  instances  carefully  examined  them  with  a  view  to  deter- 
mining their  extent  and  function.  They  appear  to  me  to  be  connected 
with  the  function  of  respiration,  a  view  advocated  by  Hunter  in  1774, 
and  within  the  last  year  or  so  by  Drosier,  of  Cambridge.  That  they 
have  nothing  whatever  to  do  with  flight  is  proved  by  the  fact  that 
some  excellent  flyers,  take  the  bats  e.  g.t  are  destitute  of  them,  while 
the  wingless  running  birds,  such  as  the  ostrich  and  apteryx,  which  are 
incapable  of  flight,  are  provided  with  them .  Tho  same  may  be  said  of  the 
hollow  bones :  some  really  admirable  flyers,  as  the  swallows,  martins, 
and  snipes,  having  their  bones  filled  with  medullary  substance,  while 
the  bones  of  the  running  wingless  birds  alluded  to  are  filled  with  air. 
Furthermore,  and  finally,  a  living  bird  weighing  lOlbs.  weighs  the  same 
when  dead  minus  a  very  few  grains ;  and  all  know  what  effect  a  few 
grains  of  heated  air  would  have  in  raising  a  weight  of  lOlbs.  from  the 
ground. 

When  we  have  said  that  cylinders  and  hollow  chambers  increase 
the  area  of  the  insect  and  bird,  and  that  an  insect  and  bird  so  con- 
structed is  stronger,  weight  for  weight,  than  one  composed  of  solid 
matter,  we  may  dismiss  the  subject,  flight  being,  as  I  shall  endeavour 
to  show  by-and-by,  not  so  much  one  of  weight  as  of  power  properly 
directed,  i.e.  power  directed  on  strictly  mechanical  principles.  Those 
who  subscribe  to  the  heated-air  theory  are  of  opinion  that  the  air  con- 
tained in  the  cavities  of  insects  and  birds  is  so  much  lighter  than  the 
surrounding  atmosphere,  that  it  must  of  necessity  contribute  mate- 
rially to  flight ;  but  the  quantity  of  air  imprisoned  is,  to  begin  with,  so 
infinitesimally  small  and  the  difference  in  weight  which  it  expe- 
riences by  increase  of  temperature  so  inappreciable,  that  it  ought  not 
to  be  taken  into  account  by  any  one  endeavouring  to  solve  the  difficult 
and  important  problem  of  flight  The  Montgolfier  or  fire  balloons  were 
constructed  on  the  heated-air  principle ;  but  as  these  have  no  analogue 
in  nature  and  are  apparently  incapable  of  improvement,  they  need 
not  detain  us  at  this  stage  of  the  inquiry.  The  area  of  the  insect 
and  bird  when  the  wings  are  fully  expanded  is,  with  the  single 
exception  of  the  bats,  greater  than  that  of  any  other  class  of  animals, 
their  weight  being  proportionably  less.  It  ought,  however,  never 
to   be    forgotten  that  even  the  lightest  insect  or  bird  is  immea- 
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Burably  heavier  than  the  air,  and  that  there  ifl  no  fixed 
between  the  weight  of  body  and  the  expanse  of  wing  in  either  clan. 
We  have  thus  light-bodied  and  large-winged  insects  and  birds,  as 
the  butterfly,  heron,  and  albatross;  and  others,  whose  bodies  are 
comparatively  heavy,  while  their  wings  are  insignificantly  small,  as 
in  the  sphinx-moth  and  stag-beetle  among  insects,  and  the  grebe, 
quail,  and  partridge  among  birds.  Those  apparent  inconsistencies 
are  readily  explained  by  tho  greater  muscular  development  of  the 
heavy-bodied  short-winged  insects  and  birds,  and  the  increased  power 
and  rapidity  with  which  tho  wing  is  made  to  oscillate.  This  is  of  the 
utmost  importance  in  the  science  of  aerostation,  as  showing  that  flight 
may  be  attained  by  a  heavy,  powerful  animal  with  comparatively  small 
wings,  as  well  as  by  a  lighter  one  with  onormously  enlarged  wings. 
While,  therefore,  there  is  apparently  no  correspondence  between  the 
area  of  tho  wing  and  the  animal  to  be  raised,  there  is  an  unvarying 
relation  as  to  tho  weight  and  number  of  oscillations,  so  that  the 
problem  of  flight  seems  to  rcsolvo  itself  into  one  of  weight,  power, 
velocity,  and  small  surfaces ;  versus  buoyancy,  debility,  diminished 
speed,  and  extensive  surfaces:  weight  in  either  case  being  aWns 
qua  rum. 

In  order  to  utilize  the  air  as  a  means  of  transit,  the  body  in 
motion,  whether  it  moves  in  virtue  of  tho  lifo  it  possesses,  or  because 
of  a  force  superadded,  must  bo  heavier  than  it.  If  it  wore  otherwise,  if 
it  were  rescued  from  tho  operation  of  gravity  on  the  one  hand,  and 
bereft  of  independent  movemont  on  the  other,  it  must  float  about 
uncontrolled  and  uncontrollable,  as  happens  in  tho  ordinary  gas 
balloon.  The  difference  between  an  insect  or  bird  and  a  balloon 
here  insisted  upon  was,  I  have  learned  sinco  writing  the  above,  like- 
wise pointed  out  by  His  Grace  the  Duke  of  Argyll,  in  his  very  able 
and  oloquent  article  in '  Good  Words,'  entitled  "  The  Reign  of  Law  "* 
— an  article  whose  merits  cannot  be  too  widely  acknowledged  or  too 
universally  known.  Tho  wings  of  insects  and  birds  are,  as  a  rule, 
more  or  less  triangular  in  shape,  the  base  of  the  triangle  being  directed 
towards  tho  body,  the  sides  anteriorly  and  posteriorly.  They  are  also 
conical  on  sections  from  within  outwards  and  from  before  backwards, 
this  shape  converting  the  pinion  into  a  delicately-graduated  instrument, 
balanced  with  the  utmost  nicety  to  satisfy  the  requirements  of  the 
muscular  system  on  the  one  hand,  and  the  resistance  and  resiliency  of 
the  air  on  the  other.  While  all  wings  are  graduated  as  explained, 
innumerable  varieties  occur  as  to  their  general  contour,  some  being 
falcated  or  scythe-like,  others  oblong,  others  rounded  or  circular,  some 
lanciolato,  and  some  linear. 

Wing  of  Insect. — The  wings  of  insects  may  consist  either  of  one  or 
two  pairs ;  the  anterior  or  upper  pair,  when  two  ore  present,  being  in 

*  '  Good  Words  *  for  February,  1805.  This  article  I  am  glad  to  find  has  been 
reprinted  in  a  separate  form  with  numerous  illustrations,  and  should  be  read  by  all 
interested  in  tho  subject  of  aeronautics. — J.  B.  P. 
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some  instances  greatly  modified  and  presenting  a  corneous  condition. 
When  so  modified  they  coyer  the  under-wings  when  the  insect  is 
reposing,  and  have  from  this  circumstance  been  named  elytra  from  the 
Greek  gAurcov,  a  sheath.  The  elytra  or  wing-cases  as  they  are  some-, 
times  called,  are  dense,  rigid,  and  opaque  in  the  beetles ;  solid  in  one 
part  and  membraneous  in  another  in  the  cockroaches ;  more  or  less 
membraneous  throughout  in  the  grasshoppers ;  and  completely  mem- 
braneous in  the  dragon-flies.-  The  superior  or  upper  wings  are  indi- 
rectly connected  with  flight  in  the  beetles,  cock-roaches,  and  grass- 
hoppers, and  actively  engaged  in  this  function  in  the  dragon-flies  and 
butterflies.  The  true  wings,  and  by  this  I  mean  the  membraneous 
ones,  present  different  degrees  of  opacity ;  those  of  the  moths  and 
butterflies  being  non-transparent ;  those  of  the  dragon-flies,  bees,  and 
common  flies  presenting  a  delicate,  filmy,  gossamer-like  appearance. 
They  have,  however,  this  feature  in  common,  and  it  is  fundamental ; 
both  pairs  are  composed  of  a  duplicature  of  integument,  or  investing 
membrane,  and  are  strengthened  in  various  directions  by  a  system  of 
hollow,  horny  tubes,  known  to  entomologists  as  the  neurce  or  nervures. 
These  nervures  taper  towards  the  extremity  of  the  wing,  and  are 
strongest  towards  its  root  and  anterior  margin,  where  they  supply 
the  place  of  the  arm  in  bats  and  birds. 

The  neur®  are  arranged  at  the  axis  of  the  wing  after  the  manner  of 
a  fan  or  spiral  stair ;  tho  anterior  one  occupying  a  higher  position  than 
that  farther  back,  and  so  of  the  others.  As  this  arrangement  extends 
also  to  the  margins,  the  wings  are  more  or  less  twisted  upon  them- 
selves, and  present  a  certain  degree  of  convexity  on  their  superior 
or  upper  surface,  and  a  corresponding  concavity  on  their  inferior 
or  under  surface ;  their  free  edges  supplying  these  fine  curves  which 
act  with  such  efficacy  upon  the  air  in  obtaining  the  maximum  of 
resistance  and  the  minimum  of  displacement.  As  illustrative  exam- 
ples of  the  form  of  wing  alluded  to,  that  of  the  beetle,  bee,  and 
fly  may  be  cited :  the  pinion  in  those  insects  acting  as  helices,  or 
twisted  levers  and  elevating  weights,  much  greater  than  the  area  of  the 
wing  would  seem  to  warrant.  The  insects  adverted  to  fly,  as  a  rule, 
with  great  accuracy  and  speed,  and  frequently  in  a  straight  line. 

from  the  foregoing  account  it  is  evident  that  the  wings  of  insects 
vary  as  regards  their  number,  size,  and  shape.  They  also  differ  as 
regards  their  surfaces,  margins,  venation,  degree  of  consistence  and 
position,  so  that  it  might  naturally  be  asked,  Do  the  several  orders  of 
wings  act  according  to  a  common  principle,  or  does  each  wing  act 
according  to  a  principle  of  its  own  ?  There  can,  I  think,  be  but  one 
answer  to  this  question.  All  wings  obtain  their  leverage  by  presenting 
oblique  surfaces  to  the  air,  the  degree  of  obliquity  gradually  increasing 
in  a  direction  from  behind,  forwards  and  downwards,  during  extension 
when  the  sudden  or  effective  stroke  is  being  given,  and  gradually 
decreasing  in  an  opposite  direction  during  flexion,  or  when  the  wing  is 
being  more  slowly  recovered  preparatory  to  making  a  second  stroke. 
The  effective  stroke  in  insects,  and  this  holds  true  also  of  birds,  is 
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therefore  delivered  downwards  and  forwards,  and  not,  as  the  majority 
of  writers  believe,  vertically,  or  even  slightly  backwards.    This  arises 
from  the  curious  circumstance,  that  insects  and  birds  when  flying 
actually  fall  through  the  medium  which  elevates  them,  their  course 
being  indicated  by  the  resultant  of  two  forces,  viz. :  that  of  gravity, 
pulling  vertically  downwards,  and  that  of  the  wing,  acting  at  a  given 
angle  in  an  upward  direction.    The  wing  of  the  bird  acts  after  the 
manner  of  a  boy's  kite,  the  only  difference  being  that  the  kite  is 
pulled  forwards  upon  the  wind  by  the  string  and  the  hand,  whereas 
in  the  bird  the  wing  is  pushed  fobwards  on  the  wind  by  the  weight  of 
the  body  and  the  life  residing  in  the  pinion  itself.     The  angle  at 
which  the  wing  acts  most  efficaciously  as  an  elovator,  as  proved  by 
an  examination  of  the  pinion  of  the  living  insect,  bat,  and  bird,  when 
fully  extended  and  ready  to  give  the  effective  stroke,  is  an  angle  of 
45°  with  the  horizon.    As,  however,  this  angle  could  not  bo  uniformly 
maintained  without  a  rotatory  motion  which  would  wrench  the  wings 
from  their  fixings,  a  compromise  is  adopted,  the  wing  being  made 
to   rotate  on  its  axis  to  the  extent  of  a  quarter  of  a  turnin  one 
direction  during  extension,   and   the   same  amount  in  an  opposite 
direction  during  flexion.      That  the  wing  rotates  upon  its  axis  as 
explained  may  be  readily  ascertained  by  watching  the  movement  in 
the  larger    domestic   fly.      If   the   insect    be   contemplated   either 
from  above  or  beneath,  the  blur  presented  by  the  rapidly  oscil- 
lating wing  will  be  found  to  be  concave,  the  depressed  portion  re- 
presenting the  wing  when  its  piano  of  least  resistance  is  parallel  with 
the  plane  of  progression.     Of  this  I  have  had  the  most  convincing 
proof,  particularly  in  semi-torpid  insects  where  the  wing  was  plied 
with  less  vigour  than  usual.     To  confer  on  the  wing  the  multiplicity 
of  movement  which  it  requires,  it  is  supplied  with  a  double  hinge  or 
compound  joint  which  enables  it  to  move  not  only  in  an  upward, 
downward,  forward,  and  backward  direction,  but  also  at  various  inter- 
mediate degrees  of  obliquity.     An  insect  furnished  with  wings  thus 
hinged  may,  as  far  as  stcadinoss  of  body  is  concerned,  be  not  inaptly 
compared  to  a  compass  set  upon  gimbals,  where  the  universality  of 
motion  in  one  direction  ensures  comparative  fixedness  in  another. 

Many  instances  might  be  quoted  of  the  marvellous  powers  of  flight 
residing  in  insects  as  a  class.  The  male  of  the  silkworm  moth 
(Attacus  Paphia)  is  stated  to  travol  more  than  100  miles  a  day ;  *  and 
an  anonymous  writer  in  Nicholson's  Journal  calculates  that  the  common 
house-fly  (Musca  domesticus)  in  ordinary  flight  makes  GOO  strokes  per 
second,  and  advances  25  feet ;  but  that  the  rate  of  speed,  if  the  insect 
be  alarmed,  may  be  increased  six  or  seven  fold,  so  that  under  'certain 
circumstances  it  can  outstrip  tho  fleetest  racehorse.  Leeuwenhoek 
relates  a  most  exciting  chase  which  he  once  beheld  in  a  menagerie 
about  100  feet  long,  between  a  swallow  and  a  dragon-fly  (mordella). 
The  insect  flow  with  such  incredible  speed  and  wheeled  with  such 
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address,  that  the  swallow,  notwithstanding  its  utmost  efforts,  com- 
pletely failed  to  overtake  it.  * 

Wing  of  Bird. — There  are  few  things  in  nature  more  admirably 
constructed  and  where  design  can  be  more  readily  traced  than  in 
the  wing  of  the  bird.  Its  great  strength  and  extreme  lightness,  the 
manner  in  which  it  closes  up  or  folds  during  flexion,  and  opens 
out  or  expands  during  extension,  as  well  as  the  method  according  to 
which  the  feathers  are  strung  together,  and  slate  each  other  in  divers 
directions  to  produce  at  one  time  a  solid  resisting  surface,  and  at 
another  an  interrupted  and  comparatively  non-resisting  one,  present 
a  degree  of  fitness  to  which  the  mind  must  necessarily  revert  with 
pleasure.  The  wing  of  the  bird,  like  that  of  the  insect,  is  con- 
cavo-convex, and  more  or  less  twisted  upon  itself  when  extended, 
so  that  the  upper  or  thick  margin  of  the  pinion  presents  a  different 
degree  of  curvature  to  that  of  the  nether  or  thin  margin :  the  curves 
of  the  two  margins  in  some  instances  even  intersecting  each  other. 
This  twisting  is  in  a  great  measure  owing  to  the  manner  in  which  the 
bones  of  the  wing  are  twisted  upon  themselves,  and  the  spiral  nature 
of  their  articular  surfaces,  the  long  axes  of  the  joints  always  inter- 
secting each  other  at  right  angles.  As  a  result  of  this  disposition  of 
the  articular  surfaces  the  wing  may  be  shot  out  or  extended,  and 
retracted  or  flexed  in  nearly  the  same  plane,  the  bones  composing  the 
wing  rotating  on  their  axes  during  either  movement.  This  secondary 
action,  or  the  revolving  of  the  component  bones  upon  their  own  axes, 
is  of  the  greatest  importance  in  the  movements  of  the  wings,  as  it 
communicates  to  the  hand  and  forearm,  and  consequently  to  the 
primary  and  secondary  feathers  which  they  bear  the  precise  angles 
necessary  for  flight.  It  in  fact  ensures  that  the  wing,  and  the  curtain 
or  fringe  of  the  wing  which  the  primary  and  secondary  feathers  form, 
shall  be  screwed  into  and  down  upon  the  wind  in  extension,  and 
unscrewed  or  withdrawn  from  the  wind  during  flexion.  The  wing  of 
tho  bird  may  therefore  be  compared  to  a  huge  gimlet  or  auger,  the  axis 
of  the  gimlet  representing  the  bones  of  the  wing,  the  flanges  or  spiral 
thread  of  the  gimlet  the  primary  and  secondary  feathers.  As  the 
degree  of  rotation  made  by  the  bones  of  the  forearm  and  hand  during 
extension  amounts  as  nearly  as  may  be  to  a  quarter  of  a  turn  of  a 
spiral,  it  follows  that  in  flexion  the  wing  presents  a  knifelike  edge  to 
the  wind  ;  whereas  in  extension  the  curtain  of  the  wing  is  rotated  in 
a  downward  direction  until  its  anterior  or  concave  surface  makes  an 
angle  of  45°  with  the  horizon.  From  this  description  it  will  be 
evident  that  by  the  mere  rotation  of  the  bones  of  the  forearm  and  hand 
the  maximum  and  minimum  of  resistance  is  secured  much  in  the  same 
way  that  this  object  is  attained  by  the  alternate  dipping  and  feathering 
of  an  oar. 

In  the  majority  of  quick-flying  birds — at  all  events  in  such  as  do 

*  The  hobby  falcon  which  abounds  in  Bulgaria  ia  equal  to  this  task — tho 
dragon-fly  fonriug  a  principal  constituent  of  its  food. 
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not  glide  or  skim — considerable  advantage  is  gained  by  the  ptrimaiy 
and  secondary  feathers  being  thrown  out  of  position  during  flexion, 
this  arrangement  preventing  retardation,  by  diminishing  the  amount 
of  air  displaced.  This  slating  or  overlapping  and  nnslating  action  of 
the  feathers  daring  extension  and  flexion  is,  however,  one  of  the  pecu- 
liarities or  refinements,  and  not  necessarily  an  essential  in  flight,  as 
this  function  can  be  efficiently  performed  by  the  insect  and  bat  where 
no  feathers  are  present,  and  where  consequently  no  opening  or  dosing 
of  them  can  possibly  occur.  The  wing  of  the  bird  may  be  said  to  act 
in  three  different  ways : — 1st,  During  extension,  when  it  gradually 
makes  an  angle  of  45°  with  the  horizon ;  2nd,  During  the  downward 
stroke,  when  it  maintains  the  angle  of  45°  with  the  horizon,  and 
makes  a  variable  angle  with  the  body ;  and  3rd,  During  flexion,  when 
it  acts  at  a  gradually  decreasing  angle  in  virtue  of  its  being  carried 
against  the  wind  by  the  body  of  the  bird  which  is  in  motion ;  it  being 
a  matter  of  indifference  whether  the  wing  acts  on  the  air  or  the  air 
on  the  wing,  so  long  as  the  body  bearing  the  latter  is  under  weigh ; 
and  this  is  perhaps  the  chief  reason  why  the  albatross,  which  is  a  very 
heavy  bird,*  can  sail  about  for  such  incredible  periods  without  ap- 
parently moving  the  wings  at  all.  Captain  Hutton  thus  graphically 
describes  the  sailing  of  this  magnificent  bird : — "  Tho  flight  of  the 
albatross  is  truly  majestic,  as  with  outstretched  motionless  wings  he 
sails  over  the  surface  of  the  sea,  now  rising  high  in  air ;  now,  with 
a  bold  sweep  and  wings  inclined  at  an  angle  with  the  horizon,  descend- 
ing until  the  tip  of  the  lower  one  all  but  touches  the  crest  of  the 
waves  as  he  skims  over  them."  f 

"  Tranquil  its  spirit  seemed,  and  floated  slow, 
Even  in  its  very  motion  there  was  rest*' 

As  an  antithesis  to  the  apparently  lifeless  wings  of  the 
albatross,  the  ceaseloss  activity  of  those  of  tho  humming  bird  might 
be  adduced.  "  In  those  delicato  and  exquisitely  beautiful  birds,  the 
wings,  according  to  Mr.  Gould,  move  so  rapidly  when  the  bird  is 
poised  before  an  object  that  it  is  impossible  for  tho  eye  to  follow  each 
stroke,  and  a  hazy  circle  of  indistinctness  on  each  sido  of  tho  bird  is 
ail  that  is  perceptible." 

Tho  various  movements  involved  in  ascending,  descending,  wheel- 
ing, gliding,  and  progressing  horizontally  aro  all  the  result  of  muscular 
power,  properly  directed  and  acting  upon  appropriate  surfaces-r-that 
apparent  buoyancy  in  birds,  which  we  so  highly  esteem,  arising  not 
from  superior  lightness  but  from  their  possessing  that  degroe  of  weight 
which  enables  them  to  subjugate  the  air ;  weight  and  independent 
motion  being  the    two    things    indispensablo    in    successful  aerial 

*  The  average  weight  of  the  albatross,  as  given  by  Gould,  is  171bs.  '  Ibis,*  2nd 

series,  vol.  i.  1865,  p.  21)5. 

The  Pelicanus  onocrotalius  weighs  251bs.  Roget's  •  Bird's  Jour.'  vol.  i.  p.  490L 
+  On  some  of  the  birds  inhabiting  the  Southern  Ocean,  by  Captain  W.  F. 

Hutton.    *  Ibis,'  2nd  scries,  vol  i.  18G5,  p.  282. 
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progression.  The  weight  in  insects  and  birds  is  in  great  measure 
owing  to  their  greatly-developed  muscular  system — this  being  in  that 
delicate  state  of  tenacity  which  enables  them  to  act  through  its  instru- 
mentality with  marvellous  dexterity  and  power,  and  to  expend  or 
reserve  their  energies,  which  they  can  do  with  the  utmost  exactitude 
in  their  lengthened  and  laborious  flights.  The  elastic  structures 
which  receive  or  draw  back  the  wing  in  the  insect  and  bird  during 
flexion  are  of  the  utmost  consequence  in  the  movements  of  the  wings  ; 
these  by  their  mere  contraction  enabling  the  muscles  of  the  wing  to 
rest  nearly  half  the  time  they  are  in  action.  In  this  we  have  a 
probable  explanation  of  the  extraordinary  power  of  endurance  dis- 
played by  insects  and  birds  on  the  wing. 

The  foregoing  remarks  on  .the  wings  of  insects  and  birds  lead  me 
to  speak  of  the  inclined  plane  as  applied  to  the  air,  but  before  doing 
so,  it  will  be  advisable  to  allude  briefly  to  the  balloon. 

Balloon. — This,  as  my  audience  is  aware,  is  constructed  on  the 
obvious  principle  that  a  machine  lighter  than  the  air  must  neces- 
sarily rise  through  it.  The  Montgolfier  Brothers  invented  such  a 
machine  in  1782.  Their  balloon  consisted  of  a  paper-globe  or 
cylinder,  the  motor  power  being  superheated  air  supplied  by  the 
burning  of  vine  twigs  under  it.  The  Montgolfier  or  fire  balloons,  as  they 
were  called,  were  superseded  by  the  hydrogen-gas  balloon  of  MM. 
Charles  and  Bobert,  this  being,  in  turn,  supplanted  by  the  ordinary  gas 
balloon  of  Mr.  Green.  Since  the  introduction  of  coal  gas  in  the  place 
of  hydrogen  gas  no  radical  improvement  has  been  effected ;  all  attempts 
at  guiding  balloons  having  signally  failed.  This  arises  from  the  vast 
extent  of  surface  which  they  necessarily  present,  rendering  them  a  fair 
conquest  to  every  breeze  that  blows ;  and  because  the  power  which 
animates  them  is  a  mere  lifting  power  which,  in  the  absence  of  wind, 
must  act  in  a  vertical  line,  all  other  motion  being  extraneous  and 
foreign  to  it  It  consequently  rises  through  the  air  in  opposition  to 
the  law  of  gravity,  very  much  as  a  dead  bird  would  fall  in  a  downward 
direction  in  accordance  with  it  Having  no  hold  upon  the  air,  this 
cannot  be  employed  as  a  fulcrum  for  regulating  its  movements,  and 
hence  the  cardinal  difficulty  in  ballooning  as  an  art. 

Any  one  attempting  to  control  the  movements  of  a  balloon  is  very 
much  in  the  position  of  a  boatman  who  endeavours  to  steer  his  craft, 
which  is  drifting  with  the  current,  by  pushing  against  the  stern. 

If  ever  the  balloon  is  to  be  utilized  as  a  means  of  transit,  this  will 
probably  be  achieved  by  converting  part  of  its  lifting  power  into  a 
horizontal  propelling  power,  which  possibly  could  be  done  by  affixing 
a  horizontal  screw,  like  a  small  windmill,  to  the  car  ;  this  apparatus 
receiving  its  motion  by  being  forced  against  the  air  from  beneath 
during  its  ascent  (the  air  playing  upon  it  from  above),  and  com- 
municating its  movements  to  a  similar  and  smaller  screw  placed 
vertically  or  at  right  angles,  which  could  be  made  to  revolve  with 
great  celority  as  a  driving  screw.  To  prevent  rotation  in  the  balloon 
itself,  it  might  to  be  armed  with  plates  of  some  light  material  placed  at 
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right  angles  to  the  plane  of  rotation.  The  great  expense,  however, 
involved  in  the  construction  and  filling  of  the  balloon  will  always 
operate  against  its  being  used  otherwise  than  as  a  luxury ;  while  the 
enormous  expanse  and  delicacy  of  tho  material  employed,  as  well  as 
the  change  in  volume  of  the  contained  gas  arising  from  increase  or 
decrease  of  temperature,  cannot  fail  to  prove  troublesome,  not  to  say 
dangerous. 

Finding  that  no  marked  improvement  has  been  made  in  the  balloon 
sinco  its  introduction  in  1782,  we  naturally  turn  our  attention  to  some 
other  method  of  traversing  tho  air  ;  and  here  I  would  add  my  inde- 
pendent testimony  in  favour  of  the  holice  or  screw,  not  only  as  a  lift- 
ing power,  but  also  as  a  propelling  power.  When  I  commenced  my 
inquiries  into  the  structuro  and  uses  of  wings,  I  was  early  struck  with 
tho  curious  manner  in  which  they  are  twisted  upon  themselves,  and 
how  they  are  rotated  on  and  off  the  wind  during  flexion  and  extension, 
after  tho  manner  of  screws ;  and  without  knowing  i for  the  subject  of 
artificial  flight  is  not  much  in  my  way)  that  tho  holice  had  been  pro- 
posed as  a  means  for  raising  inanimate  bodies,  I  had  actually  con- 
structed a  doublo  screw,  with  a  view  to  testing  its  efficacy  in  this 
respect.*  I  have  therefore  unwittingly  laid  anatomy  and  physiology 
under  contribution  in  support  of  what  I  find  is  not  a  new  doctrine,  f 
I  was  impelled  in  this  direction  by  detecting  the  principle  in  nature, 
and  from  knowing  that  a  body  to  rise  and  progress  in  the  air  need 
not  necessarily  be  lighter  than  it ;  in  fact,  that  the  balloon  is  con- 
structed on  a  principle  diametrically  opposed  to  that  on  which  the 
bat,  insect,  and  bird  are  constructed,  and  is  from  this  circumstance  open 
to  serious,  and  in  some  respects,  insuperable  objections. 

The  efficacy  of  tho  screw  in  water  is  well  known,  and  the  action 
of  the  child's  toy,  usually  called  tho  spiralifcr,  will  illustrate  its 
utility  as  applied  to  the  air.  This  toy,  for  toy  it  has  hitherto 
been,  consists  of  two  inclined  planes,  produced  by  simply  twisting 
the  enveloping  wires  in  opposite  directions.  It  therefore  repre- 
sents tho  most  primitive  form  of  screw.  This  apparatus,  simple  as 
it  may  appear,  curiously  enough  furnishes  the  mechanical  appliance  by 
which  a  body  may  be  elevated,  or  elevated  and  carried  in  a  horizontal 
direction  at  one  and  the  same  time.  By  applying  the  necessary  power 
the  spiralifer  can  be  made  to  act  vertically  or  horizontally,  or  at  any 
intermediate  angle,  so  that  we  have  in  it  an  easily  regulated  and  per- 
fect driving  power.  The  position  "taken  up  by  the  advocates  of  the 
screw  is  the  reverse  of  that  occupied  by  the  advocates  for  the  balloon ; 
so  that  tho  aeronaut  promises  at  no  distant  day  to  be  fairly  impaled  on 
the  horns  of  a  dilemma,  by  having  on  the  one  hand,  a  motor  power 

*  This  screw  had  four  fans  or  blades,  two  of  wliich  revolved  from  left  to  right  ; 
the  remaining  two  from  right  to  left.  This  I  found  to  bo  necessary  to  prevent 
rotation  in  the  driving  apparatus,  which  consisted  of  a  steel  spring  and  clockwork. 

t  Paucton  the  engineer,  predicted  the  future  importance  of  the  screw  in  aerial 
navigation,  as  early  as  18t>7. 
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which  (because  of  the  space  occupied  by  it)  no  human  ingenuity  can 
direct ;  and  on  the  other  a  thoroughly  manageable  and  docile  elevating 
and  driving  apparatus,  minus  an  adequate  motor  power;  The  pro- 
blem of  flight  will  probably  bo  solved  by  one  employing  a  certain  pro- 
portion of  gas  to  assist  him  in  overcoming  the  inertia  of  his  machine 
while  ho  uses  the  screw  as  a  propeller  and  partial  elevator.  Of  the 
two  systems  propounded,  if  they 'be  judged  separately,  I  incline  to  that 
which  proposes  to  employ  the  screw  both  in  elevating  and  propelling, 
and  this  for  two  reasons :  1st,  Because  the  screw  or  a  modification  of  it 
is  the  instrument  by  which,  as  I  have  shown,  the  insect,  bat,  and  bird 
rises  and  progresses  ;  and  2nd,  Because  a  certain  degree  of  weight  is 
necessary  to  overcome  the  air  and  make  it  useful  for  the  purposes  of 
aerostation. 

That  the  principle  of  the  helice  as  applied  to  the  air  is  correct,  is 
proved  by  the  very  remarkable  experiments  of  MM.  Pontin  d'Am6- 
court  and  Do  la  Landelle,  both  of  whom  have  constructed  within  the 
last  three  years  helicopteric  models,  which  not  only  rise  by  them- 
selves into  the  air,  but  also  carry  graduated  weights.*  The  difficulties 
therefore  attending  aerial  locomotion  by  means  of  the  screw  are 
already  partially  surmounted. 

The  advantages  which  will  accrue  from  the  employment  of  the 
screw  in  aerostation  may  be  briefly  stated. 

It  occupies  little  space,  is  strong  without  being  heavy,  and  is 
prodigiously  powerful. 

It  rigidly  economizes  the  motor  power  by  keeping  the  inclined 
planes  of  which  it  is  composed  closely  applied  to  the  air  throughout 
its  entire  revolution. 

The  speed  of  the  screw  can  be  increased  at  pleasure — increased 
velocity,  as  I  have  shown  in  the  insect  and  bird,  conferring  enormously 
increased  propelling  and  lifting  power. 

By  a  judicious  combination  of  horizontal,  vertical,  and  oblique 
screws,  almost  any  degree  of  speed  may  be  attained,  and  any  course, 
whether  upwards,  downwards,  or  forwards,  pursued. 

A  machine  elevated  and  propelled  by  screws  will  be  necessarily  a 
compact  machine — a  machine  which  will  navigate  the  air  as  a  master ; 
its  weight  and  the  small  surface  occupied  by  it  rendering  it  superior 
even  to  moderately  high  winds. 

The  nearer  such  machine  is  kept  to  the  earth  and  the  greater 
the  density  of  the  atmosphere,  the  greater  will  be  its  facility  and 
power  —  the  inconveniences  arising  from  temperature  and  excessively 
rarefied  air  being  thus  avoided. 

The  aerial  screw  machine  should  be  constructed  whenever  practi- 
cable of  hollow  cylinders  fixed  into  a  floor,  composed  of  one  or  more 
flattened  cylindroid  chambers  filled  with  hydrogen  or  other  gas  to 
diminish  weight.    The  flattened  cylinders,  if  laid    horizontally  or 

*  Extract  from  a  paper,  by  Mods.  Nadir,  1863,  quoted  in  '  Astra  Oastra  :'  By 
Hatton  Tumor,  London,  1865,  p.  340. 
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inclined  in  a  slightly  upward  direction,  would  act  mechanically  ai 
sustainers  and  gliders,  as  do  the  wings  in  sailing  and  gliding  birds. 
It  is  just  possible  that  the  motor  power  required  for  the  helioopteric 
flying-machine  may  be  derived  from  compressed  atmosphere,  the  air 
being  compressed  by  the  aid  of  an  engino  on  terra  firma,  and  stowed 
away  in  the  cylinders  comprising  the  floor  or  other  portions  of  the 
machine  before  starting. 

When  and  where  such  a  machine  will  be  successfully  launched  no 
one  can  of  course  predict.  The  subject  of  artificial  flight,  however, 
has  been  so  frequently  discussed  of  late  years,  and  has  excited  so  much 
interest  in  America,  France,  and  other  portions  of  the  Old  and  New 
World,  that  it  must  obviously  receive  a  settlement  in  one  direction  or 
other  at  no  distant  date.  Even  Britain,  involved  as  she  is  in  business 
and  politics,  and  caring  little  about  science  which  is  not  directly 
remunerative,  has  made  a  move  in  this  direction,  and  we  have  now  the 
"Aeronautical  Society  of  Great  Britain,"  presided  over  by  His  Grace 
the  Duke  of  Argyll,  himself  a  Goliath  in  aeronautical  matters.  It  were 
much  to  be  desired  that  those  who  can  afford  the  time  or  the  means 
requisite  for  conducting  experiments  on  a  scale  commensurate  with 
the  importance  of  the  subject  would  lend  their  aid  to  this  great  public 
movement. 

Homo  Volans. — Whether  the  genus  homo  will  ever  be  able,  by 
his  unaided  exertions,  to  leave  tho  scene  of  his  joys  and  sorrows  for 
the  fields  etherean,  time  only  can  determine.  Borelli,  a  great 
anatomical  authority,*  made  elaborate  calculations  to  prove  tho 
absurdity  of  such  an  attempt.  His  calculations,  however,  will  not 
deter  the  more  sanguine  and  speculative  portions  of  mankind  from 
renewing  their  exertions  in  this  direction  as  opportunity  permits ;  and 
I  may  state,  for  their  guidance  in  the  matter,  that  if  man  over  flies  it 
will  not  be  by  employing  his  arms  simply,  but  by  concentrating  the 
energies  of  his  entire  muscular  system — by  transferring  in  fact  the 
movements  of  his  arms  and  legs  to  a  central  axis  or  shaft,  surmounted 
by  one  or  more  horizontal  and  vertical  screws  of  appropriate  size  and 
shape  ;  these  being  made  to  revolve  with  a  velocity  to  be  determined 
by  experiment.  The  value  of  this  hypothesis  could  be  readily  tested, 
and  at  a  trifling  expense,  by  a  machine  constructed  after  the  manner 
of  a  velocipede,  which  need  not  be  of  a  very  complicated  character. 

In  order  to  construct  a  successful  flying-machine,  it  is  not  neces- 
sary to  imitate  the  filmy  wing  of  the  insect,  the  silken  pinion  of  the 
bat,  or  the  complicated  and  highly  differentialed  wing  of  the  bird, 
where  every  feather  may  be  said  to  have  a  peculiar  function  assigned 
to  it;  neither  is  it  necessary  to  reproduce  tho  intricacy  of  that 
machinery  by  which  the  pinion  in  the  bat,  insect,  and  bird  is  moved  : 
all  that  is  required  is  to  distinguish  the  form  and  extent  of  the  surfaces 
and  the  manner  of  their  application,  and  this  has,  in  a  great  measure, 
been  already  done.     When  Vivian  and  Trcvithick  constructed  the 
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locomotive,  and  Symington  and  Bell  the  steamboat,  they  did  not  seek 
to  reproduce  a  quadruped  or  a  fish  ;  they  simply  aimed  at  producing 
motion  adapted  to  the  land  and  water  in  accordance  with  natural  laws, 
and  in  the  presence  of  living  models.  Their  success  is  to  be  measured 
by  an  involved  labyrinth  of  railroad  which  extends  to  every  part  of 
the  civilized  world,  and  by  navies  whose  vessels  are  despatched  without 
the  slightest  trepidation  to  navigate  the  most  boisterous  seas  at  the 
most  inclement  seasons.  The  aeronaut  has  the  same  task  before  him 
in  a  different  direction,  and  in  attempting  to  produce  a  flying-machine 
he  is  not  necessarily  attempting  an  impossible  thing.  The  countless 
swarms  of  flying  things  testify  as  to  the  practicability  of  the  scheme, 
and  nature  at  once  supplies  him  with  models  and  materials.  If 
artificial  flight  were  not  attainable,  the  insects  and  birds  would  afford 
the  only  examples  of  animals  whose  movements  could  not  be  repro- 
duced. The  outgoings  and  incomings  of  the  quadruped  and  fish  are, 
however,  already  successfully  imitated,  and  the  fowls  of  the  air,  though 
clamorous  and  shy,  are  not  necessarily  beyond  our  reach.  Much  has 
been  said  and  done  in  clearing  the  forest  and  fertilizing  the  prairie, 
can  nothing  be  done  in  reclaiming  the  boundless  regions  of  the  air  ? 

[J.  B.  P.] 
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WEEKLY  EVENING  MEETING, 
Friday,  March  29, 1867. 

Sib  Hknry  Holland,  Bart.  M.D.  D.C.L.  F.E.S.  President,  in  the 

Chair. 

Edward  Fbankland,  Esq.  F.B.8. 


On  Ike  Water  Supply  of  tke  Metropolis. 

Another  attack  of  the  moat  terrible  epidemic  to  which  modern 
London  is  subject,  has  once  more  called  earnest  attention  to  tho 
serious  defects  of  the  Metropolitan  Water  Supply.  The  origin  and 
spread  of  cholera  is  confessedly  still  involved  in  much  obscurity,  but 
the  experience  which  we  have  derived  from  four  visitations  leads 
irresistibly  to  the  conclusion,  that,  whilst  no  successful  barriers  have 
been  devised  against  the  introduction  of  the  disease  into  this  or  any 
other  country,  cholera  can  never  establish  itself  as  an  epidemic  unless 
the  water  supply  of  a  community  be  tainted  with  scwago  impurity. 
Thus  Manchester  suffored  fearfully  from  cholera  in  1832  and  in  1849, 
whilst  supplied  with  impure  water,  but  after  the  introduction  of  puro 
water  from  tho  Derbyshire  hills,  the  return  of  the  disease  in  1854, 
and  again  last  year,  manifested  itself  in  Manchester  by  a  few  sporadic 
cases  only ;  although  in  other  respects  Manchester  is  one  of  tho  most 
unhealthy  towns  in  tho  United  Kingdom. 

The  violence  of  tho  epidemic,  as  Dr.  Fair  has  shown,  exhibits 
also  a  close  relation  to  the  degree  of  sewage  contamination  of  the 
water  supply.  Thus  he  has  demonstrated  that  in  the  visitation  of 
1849,  that  portion  of  tho  metropolitan  population  which  was  supplied 
by  water  taken  from  the  Thames  at  Kew  suffered  a  mortality  from 
cholera  of  8  in  10,000.  Of  every  10,000  people  supplied  with  water 
taken  from  tho  river  at  Hammersmith,  17  died.  Of  the  inhabitants  of 
Belgravia,  St.  George's  Hanover  Square,  Chelsea,  and  Westminster, 
supplied  with  water  taken  below  Chelsea  Hospital,  47  in  10,000  died. 
Whilst  tho  populations  drawing  their  supply  still  lower  down,  viz, 
at  Battersoa  and  between  Hungeiford  and  Waterloo  Bridges,  where 
tho  river  was  still  more  foul,  suffered  to  the  extent  of  16S  in  10,000. 
In  the  year  1854,  one-half  of  this  latter  district  was  supplied  by 
water  taken  above  Teddington  Look,  and  the  deaths  fell  to  87 — little 
more  than  one-half;   whilst  last  year,  when  the  whole  supply  was 
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drawn  above  Teddington  Lock,  the  loss  of  life  from  cholera  was  only 
8  in  10,000. 

The  water  withdrawn  from  the  Thames  is  now  all  taken  above 
Teddington  Lock,  and  its  filtration  before  distribution  is  rendered 
compulsory  by  the  Metropolitan  Water  Act  of  1852.  The  wisdom  of 
thus  withdrawing  the  water  at  a  higher  point,  and  of  enforcing  its 
filtration,  is  evidenced  by  the  comparatively  slight  mortality  from 
cholora  last  year  in  those  districts  supplied  with  Thames  water.  Far 
different,  according  to  the  Rcgistrar-Goneral,  was  the  fate  of  that  por- 
tion of  the  metropolis  which  had  the  misfortune  to  be  supplied  from 
reservoirs  at  Old  Ford,  belonging  to  the  East  London  Water  Com- 
pany. The  suddenness  and  virulence  of  the  outbreak  of  cholera  in 
the  east  of  London  last  summer  at  once  aroused  the  suspicions  of  the 
Registrar-General,  who  requested  me  to  make  an  immediate  investi- 
gation into  the  East  London  Water  Company's  supply.  I  found  the 
chief  reservoir  at  Old  Ford  to  be  situated  close  to  the  river  Lea,  which 
is  there  littlo  better  than  an  open  sower.  This  reservoir  is  also  sunk 
16  feet  beneath  the  low  ground,  which  is  there  only  just  above  the 
level  of  spring- tides ;  consequently  the  water  in  the  reservoir  is 
always  below  Trinity  high-water  mark.  I  pointed  out  that  soakage 
from  the  adjacent  foul  river  and  from  the  surrounding  scil,  saturated 
with  sewage,  must  tako  place  into  such  an  excavation,  with  its  floor  of 
two-and-a-half  acres  in  extent,  an  opinion  which  has  bean  confirmed 
by  recent  investigation  when  this  reservoir  was  emptied  as  far  as 
possible  by  pumping,  for  the  soakage  was  so  great  that  it  was  found 
impossible  to  empty  it.  The  mortality  in  that  portion  of  London 
supplied  from  these  reservoirs  was  frightful,  for  whilst  the  deaths  in 
the  districts  drawing  water  from  other  sources  varied  from  2  to  12  in 
10,000,  they  ranged  from  63  to  111  in  10,000  in  those  districts  sup- 
plied from  Old  Ford. 

Present  Metropolitan  WcUer  Supply. — London  is  at  present  sup- 
plied with  water  by  nine  companies,  who  deliver  about  108,000,000 
gallons  daily.  Some  idea  may  be  formed  of  the  vastness  of  this 
supply  by  a  comparison  of  its  volumo  with  some  well-known  magni- 
tude. If  it  were  contained  in  a  reservoir  having  a  floor  area  equal 
to  that  of  Westminster  Hall,  the  walls  would  require  to  be  carried  to 
the  height  of  1070  feet,  or  more  than  three  times  the  height  of  the 
Victoria  tower,  to  enable  it  to  contain  the  water  which  is  daily  dis- 
tributed in  the  metropolis.  Five  of  the  water  companies  abstract 
about  one-half  of  the  total  supply  from  the  Thames ;  two  withdraw 
about  42,000,000  gallons  from  the  river  Lea,  and  the  remainder  is 
pumped  by  two  other  companies  (the  Kent  and  South  Essex  Com- 
panies) from  artesian  wells  sunk  into  the  chalk  of  the  Thames  basin. 
Such  is  the  present  volume  of  water  daily  supplied  to  London  and  its 
suburbs  ;  what  will  be  the  amount  required  twenty  years  hence  it  is 
difficult  to  estimate,  but  if  the  annual  rate  of  increase  since  1850  be 
continued,  it  can  scarcely  bo  less  than  150,000,000  of  gallons,  for  in 
1850  the  gross  daily  quantity  delivered  was  only  44£  millions  of 
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gallons,  in  1856  it  had  reached  81  millions  of  gallons,  whilst  in  1865 
it  was  108  millions  of  gallons. 

Proposed  Water  Supply  of  London.  —  Notwithstanding  the  best 
efforts  of  the  water  companies,  the  present  supply  of  water  to  the 
metropolis  is  far  from  satisfactory,  owing  to  causes  which  are  mostly 
beyond  the  control  of  those  to  whom  that  supply  is  entrusted ;  it  is 
therefore  contemplated  either  to  change  entirely  the  source  of  supply, 
and  thus  obtain  water  of  greater  purity  than  any  availablo  in  the 
neighbourhood  of  London,  or  so  to  alter  the  conditions  at  present 
affecting  Thames  water,  as  to  materially  improve  its  quality.  For 
this  purpose  no  less  than  five  schemes  have  been  recently  brought 
forward,  viz. : — 

1.  Sources  of  the  Severn,  proposed  by  Mr.  Bateman. 

2.  The  Cumberland  Lakes — Messrs.  Hemans  and  Hassard 

3.  Thames  water  filtered  through  Bagshot  Sands — Mr.  Telford 
Macneill. 

4.  Storage  reservoirs  near  the  sources  of  the  Thames — Mr.  Bailey 
Denton. 

5.  Derbyshire  and  Staffordshire  hills— Mr.  Bemington. 

The  last  three  of  these  schemes  have  scarcely  yet  assumed  a  shape 
for  discussion  from  a  chemical  point  of  view ;  we  shall  therefore  con- 
fine our  attention  to  the  first  two. 

Mr.  Bateman* 8  Scheme.— "Mi.  Bateman  proposes  to  obtain  the  metro- 
politan water  supply  from  the  mountain  ranges  of  Cader  Idris  and 
Plynlimmon,  in  North  Wales,  which  constitute  the  chief  sources  of 
the  Severn.  These  mountains  rear  their  heads  into  the  moist  air 
brought  from  the  Atlantic  by  the  prevailing  south-westerly  winds, 
and  receive  the  precipitation  of  from  70  to  150  inches  of  rain  per 
annum.  We  should  thus  avail  ourselves  of  a  great  natural  and  very 
active  distillatory  apparatus,  furnishing  water  of  great  purity.  These 
Welsh  hills  consist  of  the  Upper  and  Lower  Silurian  formations, 
"  which  yield  water  as  pure  in  quality  as  that  of  Loch  Katrine,  and 
which  afford  sites  for  magnificent  reservoirs,  which  may  be  constructed 
with  perfect  safety  and  facility,  and  of  sufficient  capacity  to  economize 
the  full  annual  rainfall  I  have  assumed,  and  to  last  out  droughts  of 
from  140  to  150  days'  duration,  both  for  town  supply  and  river  com- 
pensation. One  of  these  districts,  of  66,000  acres  in  area,  is  situated 
a  little  to  the  east  of  the  range  of  mountains  of  which  Cader  Idris 
and  Aran  Mowddy  are  the  highest  summits,  forming  the  drainage 
ground  of  the  rivers  Banw  and  Vyrnwy.  The  other  district,  of  about 
equal  area,  is  situated  immediately  to  the  east  of  Plynlimmon,  2500 
feet  in  height.  The  discharge  pipes  of  the  lowest  reservoir  in  each 
of  theso  districts  will  be  placed  at  an  elevation  of  about  450  feet 
above  the  level  of  Trinity  high-water  mark.  The  water  will  be 
conducted  by  separate  aqueducts,  of  19  miles  and  21  i  miles  in  length 
respectively,  to  a  point  of  junction  near  Martin  Mere,  from  whence 
the  joint  volume  of  the  water  will  be  conveyed  by  a  common  aqueduct 
to  the  high  land  near  Stanmore,  where  extensive  service  reservoirs 
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must  bo  constructed,  which  will  bo  at  on  elevation  of  at  least  250 
feet  abovo  Trinity  high-water  mark.  From  these  reservoirs  the 
water  will  bo  delivered  to  the  city  at  high  pressure,  and  under 
tho  constant  supply  system.  The  total  distanco  from  the  reser- 
voirs on  tho  Severn  to  London  will  be  183  miles.  One  of  the 
reservoirs  on  the  river  Vyrnwy  will,  by  an  embankment  of  76  feet 
in  height,  form  a  lake  of  five  miles  in  length,  and  will  contain 
1,089,000,000  cubic  feet.  Another,  on  the  river  Banw,  by  an  embank- 
ment of  80  feet  in  height,  will  form  a  lake  of  four  miles  in  lengthy 
and  contain  910,000,000  cubic  feet ;  and  a  third,  in  the  same  district, 
by  an  embankment  of  similar  height,  will  contain  732,000,000  cubic 
feet.  Amongst  the  reservoirs  on  tho  Severn  will  bo  one  which,  by 
an  embankment  of  75  feet  in  height,  will  contain  2,230,000,000  cubic 
feet ;  this  single  reservoir  being  50  per  cent,  greater  than  the  avail- 
able water  in  Loch  Katrino."  Mr.  Bateman  estimates  the  cost  for 
220,000,000  gallons  per  day  at  10,850,000/.,  the  interest  upon  which, 
together  with  cost  of  maintenance,  &c.,  would  be  met  by  a  domestic  rate 
of  10(2.  in  tho  pound,  and  a  public  rate  of  2d.  in  the  pound.  The 
present  rate  paid  to  the  London  water  companies  is  much  heavier, 
being  about  Is.  5c?.  in  tho  pound.  The  total  gathering  ground  in 
Mr.  Bateraan's  scheme  is  estimated  at  204  square  miles. 

Messrs.  Ilemans  and  Howard's  Scheme. — This  scheme  lays  under 
contribution  the  magnificent  condensing  surface  of  tho  Cumberland 
and  Westmoreland  mountains,  whore,  as  every  tourist  knows,  rainless 
days  are  rare  exceptions.  Tho  extent  of  gathering  ground  would  be 
177  square  miles,  whilst  the  average  annual  rainfall  in  the  district 
is  100  •  56  inches.  The  districts  from  which  water  is  proposed  to  be 
taken,  lie  on  the  northern  slopes  of  the  rango  of  hills  towering  over 
Gra8smere,  Windermere,  and  Kendal,  and  draining  into  the  riven 
Lowthcr  and  Greta,  and  into  tho  lakes  of  Haweswater,  Ullswater,  and 
Thirlmere.  This  scheme  has  the  advantage  of  naturally-formed 
reservoirs,  which  would,  however,  require  to  be  further  enlarged  by 
embankments ;  and  these  natural  advantages  are  also  to  some  extent 
counterbalanced  by  a  greater  length  of  conduit  (280  miles),  and  by 
tho  necessity  for  several  tunnels,  two  of  which  would  be  respectively 
7J  and  8  milos  long.  The  daily  delivery  of  water  in  London  would 
be  250,000,000  gallons,  and  tho  cost  of  the  works,  <feo.,  13,500,000*. 
The  interest  upon  this  capital,  cost  of  maintenance,  &c,  and  com- 
pensation to  present  water  companies,  would  bo  met  by  a  domestic 
rate  of  Is.  Id.  per  pound. 

From  a  chemical  point  of  view,  it  is  at  present  quite  impossible  to 
give  tho  preference  to  one  or  tho  other  of  these  colossal  schemes,  both 
of  which  are  truly  worthy  of  tho  latter  half  of  this  century  of  engi- 
neering triumphs,  and  of  the  great  city  on  behalf  of  which  they  are 
projected.  Before  we  can  appreciate,  however,  the  advantages  of  such 
magnificent  undertakings,  it  is  necessary  that  wo  should  first  consider 
tho  chemical  quality  of  our  present  supply,  and  comparo  it  with  that 
of  tho  wator  which  wo  should  obtain  from  theso  now  sources. 
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Quality  of  the  present  Metropolitan  Water  Supply. — Absolutely  pure 
water  is  never  found  in  nature.  In  addition  to  mechanically  suspended 
impurities  which  can  be  mostly  removed  by  nitration,  potable  waters 
also  contain  various  solid  substances  in  a  state  of  solution.  These 
substances  are  left  behind  as  a  solid  residue  when  such  waters  are 
evaporated  to  dryness  ;  they  have  been  commonly  classified  by 
chemists  into  the  three  following  divisions  : — 

1.  Matters  which  are  expelled  when  the  solid  residue  is  heated  to 
redness  in  contact  with  air. 

2.  Matters  which  arc  not  expelled  at  a  red  heat,  and  which  decom- 
pose soap. 

3.  Matters  which  are  not  expelled  at  a  red  heat,  and  which  do  not 
decompose  soap. 

The  substances  of  the  first  division  consist  of: — 

a.  Organic  matter. 

b.  The  products  of  the  decomposition  of  certain  mineral  salts, 
chiefly  nitrites  and  nitrates. 

Formerly  ammoniacal  salts,  a  certain  amount  of  moisture,  and  even 
hydrochloric  acid  were  amongst  the  products  expelled  on  ignition,  but 
since  the  adoption  of  the  suggestion  of  Hofmann  and  Blyth  in  the  year 
185G  to  odd  a  known  weight  of  carbonate  of  soda  to  the  water  before 
evaporation,  these  substances  have  been  excluded  from  category  No.  1, 
and  it  is  important  to  bear  this  in  mind  when  comparing  the  analyses 
of  waters  made  prior  to  1856  with  those  which  have  been  made  since 
that  year.  Notwithstanding  the  more  definite  character,  however,  thus 
given  to  the  matters  expelled  on  ignition,  it  is  still  difficult  to  inter- 
pret the  meaning  of  this  loss.  It  may  all  arise  from  organic  matter, 
— nay,  there  may  even  be  more  organic  matter  in  the  solid  residue  of 
a  water  than  is  indicated  by  the  total  loss  on  ignition,  as  I  have 
recently  had  occasion  to  observe ;  or  it  may  be  all  due  to  the  dissipa- 
tion of  mineral  ingredients,  the  result,  however,  of  the  decomposition 
of  previously  existing  organic  matter.  When  it  is  large  it  throws 
suspicion  upon  the  character  of  the  water,  it  indicates  either  the 
presence  of  organic  matter,  animal  or  vegetable,  or  it  denotes  previous 
contamination  with  sewage  or  decaying  animal  matters.  This  analy- 
tical determination  is  thus  surrounded  with  much  uncertainty ;  and  it 
has  always  been  considered,  as  indeed  it  deserved  to  be,  highly  un- 
satisfactory. Hence  the  attempts  which  have  been  made  to  indicate, 
directly  or  indirectly,  by  means  of  permanganate  of  potash,  the 
amount  of  real  organic  matter  involved  in  this  loss  by  ignition.  Per- 
manganate of  potash  when  dissolved  in  water  readily  yields  oxygon  to 
many  substances  capable  of  combining  with  this  element.  Thus  if  it 
be  added  to  water  acidulated  with  sulphuric  acid,  and  containing 
oxalic  acid  in  solution,  the  latter  is  completely  and  rapidly  converted 
into  carbonic  acid  and  water  at  the  expense  of  oxygen  derived  from 
the  permanganate ;  and  it  is  found  that  ono  part  by  weight  of  oxalic 
acid  in  being  thus  oxidized  abstracts  almost  oxactly  eight  parts  by 
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weight  of  oxygen  from  tho  permanganate,  the  latter  being  converted 
into  sulphate  of  manganese.  In  undergoing  this  chemical  change  the 
rich  violot  colour  of  the  solution  of  permanganate  of  potash  vanishes  ; 
and  it  is  thus  easy  to  ascertain,  by  the  non-disappearance  of  the 
characteristic  tint  of  the  permanganate,  when  tho  oxidation  of  the 
oxalic  acid  is  complete.  Now  a  similar  disappearance  of  colour 
occurs  when  tho  solution  of  permanganate  of  potash  is  added  to  an 
acidulated  sample  of  potable  water  containing  organic  matter ;  and  it 
has  been  assumed  that,  as  in  tho  case  of  tho  oxalic  acid,  the  organic 
matter  contained  in  the  water  is  completely  oxidized  by  the  perman- 
ganate, which  was  thus  thought  to  indicate  tho  amount  of  oxygen 
required  to  oxidizo  completely  the  organic  matter  contained  in  the 
water.  Dr.  Lctheby  has  even  employed  this  reaction  for  the  estima- 
tion of  tho  actual  weight  of  organic  matter  contained  in  a  known 
volume  of  water,  on  the  assumption  that  ovory  grain  of  organic  matter 
contained  in  a  sample  of  water  robs  the  permanganate  eolation  of 
eight  grains  of  oxygen.  Such  a  method  of  ascertaining  the  actual 
amount  of  organic  matter  in  a  water,  or  even  the  amount  of  oxygen 
required  to  convert  this  organic  matter  into  its  final  mineral  products 
of  oxidation,  would  bo  invaluable  on  account  of  the  extreme  facility 
with  which  it  can  be  applied ;  and  it  was  therefore  not  without  a  certain 
amount  of  regret  that,  after  employing  this  process  for  many  nwiifli^ 
I  noticed  unmistakable  symptoms  of  its  untrustworthinefls,  symp- 
toms which  were  amply  confirmed  on  submitting  it  to  rigorous  ex- 
perimental tests.  By  tho  addition  of  known  woights  of  different 
organic  substances  to  equal  volumes  of  pure  distilled  water,  the 
latter  was  artificially  contaminated  with  a  known  proportion  of  each 
kind  of  organic  matter.  Each  sample  of  water  so  artificially  con- 
taminated was  made  to  contain  three  parts  of  organic  matter  in 
100,000.  1  then  proceeded  to  ascertain — first,  the  amount  of  oxygen 
which  this  organic  matter  abstracted  from  the  permanganate  of 
potash ;  and  secondly,  the  actual  amount  of  organic  matter  present  in 
tho  water,  on  tho  assumption  that  each  part  by  weight  of  organic 
matter  consumed  eight  parts  by  weight  of  oxygen  from  the  permanga- 
nate of  potash.  Tho  same  test  was  also  applied  to  another  sample  of 
distilled  water  from  which  all  organic  matter  was  carefully  excluded, 
but  to  each  100,000  parts  of  which  three  parts  of  nitrite  of  soda 
were  added.  Tho  importance  of  this  last  experiment  will  be  evident 
when  it  is  stated  that  nitrite  of  soda  is  rarely  absent  from  the  different 
waters  supplied  to  London.  The  amount  of  oxygen  consumed  by  the 
organic  matter  was  determined  for  two  different  periods  of  time,  viz*  : 
— first,  for  a  period  at  the  end  of  which  tho  acidulated  and  contami- 
nated wutcr  remained  tinted  with  permanganate  for  ten  minutes  after 
the  addition  of  the  latter;  and  secondly,  for  a  period  of  Biz  hours, 
during  tho  whole  of  which  time  tho  permanganate  was  present  in 
excess. 

The  rcfeults  ore  contained  in  tho  following  tablo,  where  they  are 
compared  with  the  known  amount  of  organic  matter  present  and  the 
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known  amount  of  oxygen  which  that  organic  matter  would  require  for 
its  complete  oxidation. 


Name  of  Substance,  3  parts 

of  which  were  contained 
in  100,000  parti  of  water. 


2 

•P  »*  ^> 
lis 

g28. 


# 


8 
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Gum  Arabic 

Cune  Sugar 

Starch    . 

Gelatin  . 

Croat  in  • 

Alcohol       • 

Urea 

Ilippuric  Acid 

Oxalic  Acid  (crystallized) 

Nitrite  of  Soda 


0102 
•0064 
■0143 

0792 
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•0093 
•0092 

0328 
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•0152 
•0302 
•1836 
•0172 
•0164 
•0119 
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76 
59 
26 
40 
90 
38 
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•114 

•634 
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•111 
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•469 
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3 

3 

3 

3 

3 

3« 

3- 

3- 

3- 

0- 


0 
0 
0 
0 
0 
0 
0 
0 
0 
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From  this  table  it  is  seen  that  of  the  nine  kinds  of  organic  matter 
operated  upon,  only  one  was  completely  oxidized  by  permanganate  of 
potash,  even  after  the  lapse  of  six  hours,  whilst  it  will  be  remarked 
that  urea,  hippuric  acid,  and  creatin — three  organic  substances  likely 
to  be  present  in  water  recently  contaminated  with  sewage — suffer  an 
oxidation  which,  even  in  the  most  favourable  case,  only  reaches  T^th 
of  complete  oxidation  ;  whilst  if  we  attempt  to  calculate  the  amount 
of  these  substances  present  in  the  water,  from  the  quantity  of  oxygen 
so  absorbed,  instead  of  finding  three  parts  of  each  in  100,000  of  water, 
we  obtain  only  *138  part  of  creatin,  *095  part  of  urea,  and  *480  part  of 
hippuric  acid.  On  the  other  hand,  the  mineral  salt,  nitrite  of  soda,  weight 
for  weight,  surpasses  every  form  of  organic  matter  experimented  upon 
in  the  avidity  with  which  it  absorbs  oxygen ;  and  three  parts  of  this 
inorganic  substance  in  100,000  of  water  would  actually,  by  the  mode  of 
calculation  above  described,  indicate  no  less  than  5  J  parts  of  organic 
matter.     Thus  it  is  evident,  that  for  the  estimation  of  the  amount  of 
organic  matter  in  water  or  the  quantity  of  oxygen  necessary  to  oxidize 
that  organic  matter,  permanganate  of  potash  is  utterly  untrustworthy 
and  fallacious.     Whilst,  however,  this  reagent  is  quite  worthless  for 
the  quantitative  estimation  of  organic  matter  in  water,  it  may  still  be 
used  in  certain  cases  as  a  qualitative  test  where  there  is  no  oppor- 
tunity for  accurate  analytical  examination.      Thus,  if  a  clear  and 
colourless  water  decolorizes  much  of  the  permanganate  solution,  the 
water  ought  to  be  rejected   for  domestic  use  as  being  of  doubtful 
quality ;  for  although  such  a  water  may  be  absolutely  free  from  or- 
ganic  impurity,  yet  its  decolorizing  action  upon  the  permanganate 
would  indicate  with  considerable  certainty  that  the  water  had  been  in 
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contact  with  decaying  animal  matters.  Should  the  water,  however, 
instead  of  being  colourless,  be  tinged  of  a  yellow  or  brownish-yellow 
colour  when  viewed  through  a  considerable  stratum,  as  in  a  quart 
decanter  for  instance,  its  capability  of  decolorising  a  considerable 
amount  of  permanganate  solution  ought  not  to  be  regarded  with  the 
same  suspicion  as  in  tho  cose  of  a  colourless  water,  because  the  yellow 
tint  of  such  waters  is  generally  owing  to  the  presence  of  peaty  matter, 
which,  though  innocuous,  has  tho  power  of  decolorising  perman- 
ganate of  potash. 

Having  thus  convinced  myself  of  the  fallacy  of  the  permanganate 
process  of  analysis,  and  there  being  no  other  method  by  which  the 
estimation  of  organic  matter  in  waters  can  be  even  approximately 
effected,  I  have,  for  some  months  past,  in  conjunction  with  my  pupil, 
Mr.  Armstrong,  been  endeavouring  to  remedy  this  grave  defect  in 
water  analysis;  and  we  have  at  length  succeeded  in  replacing  the 
unsatisfactory  item  of  "  organic  and  other  volatile  matter,"  by  certain 
precise  and  definite  determinations,  which  throw  great  light  upon  the 
present  condition  and  previous  history  of  tho  sample  of  water  sub- 
mitted to  analysis. 

The  two  most  important  things  to  be  ascertained  about  a  water 
used  for  domestic  purposes  are,  first— the  amount  and  character  of  the 
organic  matter  present  in  the  water  at  tho  time  of  analysis;  and 
secondly,  tho  amount  of  hardening  or  soap-destroying  materials  which 
the  water  contains.  Unfortunately,  tho  first  of  these  data  cannot  be 
ascertained ;  but  we  have  devised  processes  by  which  the  amount  of 
the  two  most  important  elements  of  organic  matter,  carbon  and 
nitrogen,  con  be  determined  with  considerable  precision.  For  this 
purposo  the  following  processes  ore  necessary : — 

1.  Determination  of  the  carbon  contained  in  the  organic  matter. 
To  distinguish  this  carbon  from  that  which  is  contained  in  the 
mineral  carbonates  present  in  most  waters,  I  will  term  it  organic 
carbon. 

2.  Determination  of  the  total  combined  nitrogen.  This  nitrogen 
may  exist  in  the  water  in  one  or  more  of  the  three  following  forms : — 
a.  As  a  constituent  of  organic  matter — organic  nitrogen.  6.  Ab  a 
constituent  of  mineral  nitrites  and  nitrates,  c.  As  a  constituent  of 
ammonia. 

3.  Determination  of  the  nitrogen  present  as  nitrites  or  nitrates. 

4.  Determination  of  ammonia. 

5.  Calculation  of  amount  of  organic  nitrogen.  This  is  obviously 
a  very  simplo  operation,  for  if  from  the  amount  of  total  combined 
nitrogen  (determination  No.  2),  there  be  deducted  the  amount  of 
nitrogen  present  as  nitrites  and  nitrates  (determination  No.  3),  plus 
the  amount  of  nitrogen  present  in  the  ammonia  (determination  No.  4), 
tho  remainder  will  be  the  amount  of  organic  nitrogen. 

The  processes  by  which  these  determinations  ore  made  will  be 
fully  described  elsewhere. 

The  organic  matters  containing  nitrogen  which  occur  dissolved  in 
water,  are  chiefly,  if  not  entirely,  of  animal  origin,  being  derived 
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either  from  sewage  or  manured  land;    be  their  origin,  however, 
animal  or  vegetable,  no  distinction  founded  upon  their  source  can  be 
drawn  between  their  respective  noxious  qualities.     After  admixture 
with  spring  or  river  water,  these  noxious  organic  matters,  undergo 
slow  oxidation,  by  which  they  are  finally  resolved  into  comparatively  . 
innocuous  mineral  compounds;  their  carbon  is  converted  into  car* 
bonic  acid,  and  their  hydrogen  into  water ;  and  these  products  can 
no  longer  be  identified  in  the  aerated  waters  of  the  river  or  spring : 
but  the  nitrogen  is  converted  into  nitrous  and  nitric  acids,  which, 
combining  with  the  bases  contained  in  most  waters,  remain  dissolved, 
and  constitute  a  record  of  the  sewage  or  other  analogous  contamina- 
tion to  which  the  water  has  been  subject.     With  certain  corrections, 
prosently  to  be  mentioned,  the  analytical  determination  of  the  nitrogen 
contained  in  these  salts  and  in  the  form  of  ammonia  writes,  as  it 
were,  the  history  of  the  water,  as  regards  its  contact  with  decomposing 
animal  matter.     Such  previous  organic   contamination  may  be   con- 
veniently expressed  in  parts  of  average  filtered  London  sewage,  which, 
if  thus  completely  oxidized  in  a  river,  would  yield  a  like  amount  of 
nitrogen,  in  the  form  of  nitrites,  nitrates,  and  ammonia.     For  this 
purpose,  average  filtered  London  sewage  may  be  taken  as  containing 
10  parts  or  combined  nitrogen  in  100,000  parts,  as  deduced  from  the 
numerous  analyses  of  Way,  Hofmann,  and  Witt     The  number  so 
obtained  as  the  previous  sewage  contamination  of  a  water  requires,  how- 
ever, a  correction,  since  rain-water  itself  contains  combined  nitrogen 
as  ammonia,  nitrite  of  ammonia,   and  nitrate  of  ammonia.     The 
amount  of  these  substances  present  in  rain  which  falls  at  Kothamp- 
stead  has  been  most  carefully  determined  by  a  laborious  series  of 
monthly  analyses,  made  independently  on  the  one  hand  by  Messrs. 
Lawcs  and  Gilbert,  and  on  the  other  by  Professor  Way,  and  extending 
over  two  years.     The  results  of  these  chemists  accord  well,  and  they 
give  as  the  average  amount  of  nitrogen  in  the  forms  of  ammonia, 
nitrite  of  ammonia,  and  nitrate  of  ammonia,  *0985  part  in  100,000 
parts  of  rain-water.     This  must  be  deducted  therefore  from  the  calcu- 
lated amount  of  previous  sewage  contamination  of  any  sample  of 
water.     It  corresponds  to  985  parts  of  previous  sewage  contamination 
in  100,000  parts  of  the  water.     There  is  no  doubt  that  this  reduction 
is  too  large,  and  therefore  favourable  to  the  character  of  the  water, 
since  in  most  cases  but  a  very  small  proportion  of  the  water  of  a  river 
or  spring  falls  as  rain  directly  into  the  stream ;  and  Professor  Way 
has  proved  that  almost  every  trace  of  the  ammonia  contained  in  rain- 
water is  absorbed  when  tho  water  percolates  through  cultivated  soils. 
Now,  as  three-fourths  of  the  combined  nitrogen  in  rain-water  is  in 
the  form  of  ammonia,  it  is  evident  that  rain-water  must  be  deprived 
of  much  of  its  original  nitrogenous  contamination  before  it  reaches  such 
a  river  as  the  Thames.     The  very  small  amount  of  combined  nitrogen 
found  in  natural  waters  of  undoubted  purity,  such  as  that  of  Loch 
Katrine  for  instance,  also  testifies  to  the  liberality  of  tho  above  allow- 
ance.    Tho  water  of  Loch  Katrine  contains  only  one-third  as  much 
combined  nitrogen  as  that  present  in  rain  falling  at  Bothampstoad,  so 
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that,  starting  from  the  base  line  of  purity  above  proposed,  the  water 
of  Loch  Katrine  exhibits  a  negative  previous  sewage  contamination 
equal  to  575  parts  in  100.000 ;  or,  in  other  words,  it  would  require 
575  parts  of  average  London  sewage  to  be  added  to,  and  allowed  to 
oxidize  in  each  100,000  parts  of  Loch  Katrine  water  before  its  purity 
would  be  reduced  to  the  standard  with  which  I  propose  to  compare 
the  metropolitan  waters.  It  is  necessary  here  to  remark,  however, 
that  owing  to  the  more  copious  rains  of  the  Highlands  of  Scotland, 
the  rain-water  of  that  district  probably  contains  less  combined  nitrogen 
than  that  which  foils  at  Kothampstead. 

The  nitrogenous  organic  matter  which  has  escaped  the  process  of 
oxidation  above  described,  and  which  therefore  still  exists  in   the 
water  at  the  time  the  analysis  is  made,  constitutes  what  may  be  appro- 
priately termed  the  present  sewage  contamination  of  the  water.     The 
existence  of  this  contamination  is  shown  by  the  presence  of  organic 
nitrogen  in  the  water,  and  its  amount  may  be  expressed  by  the 
number  of  parts  of  average  filtered  London  sewage  (of  the  strength 
above  described) ;  which  if  contained  in  100,000  parts  of  pure  water, 
would  contaminate   the  latter  with  the  same  amount  of  combined 
nitrogen.     By  operating  upon  one  litre  of  water  for  the  determination 
of  total  combined  nitrogen,  one  per  cent,  of  sewage  can  be  detected 
with  certainty ;  but  smaller  percentages  ought,  in  operations  upon 
such  a  small  quantity  of  water,  to  be  considered  as  falling  within  the 
possible  errors  of  experiment.     Thus  in  tho  table  of  analytical  results 
given  below,  the  indications  of  organic  nitrogen,  and  consequently  of 
present  sewage  contamination,  amounting  in  the  maximum  to  one-half 
per  cent.,  ought  to  be  disregarded ;   because  as  tho  total  combined 
nitrogen  was  determined  in  one  litre  of  each  water,  the  amount  of 
present  sewage  contamination  indicated  by  the  analysis  falls  within 
the  limit  of  possible  experimental  error.     The  subjoined  tabulated 
results  obtained  in  the  analysis  of  samples  of  the  metropolitan  waters 
collected  in  February  last  and  during  tho  present  month,  show  there- 
fore that  none  of  these  waters  contained  as  much  as  one  per  cent,  of 
present  sewage  contamination.     This  search  for  unoxidized  sewage,  or 
its  equivalent  in  a  water,  may  be  rendered  more  minute  by  operating 
upon  a  larger  volume  of  water,  by  which  the  possible  error  of  experi- 
ment is  reduced  in  proportional  amount :  thus,  if  10  litres  of  water  be 
used  for  the  determination  of  total  combined  nitrogen,  one-tenth  of  a  per 
cent,  of  present  sewage  contamination  can  be  ascertained  with  certainty. 
This  operation  has  been  performed  upon  10  litres  of  tho  Thames  water 
delivered  by  the  Grand  Junction  Company,  and  collected  during  the 
present  month ;  and  it  is  satisfactory  to  find  that  this  minute  examina- 
tion failed  to  detect  any  actual  sewage  contamination,  consequently 
tho  sample  of  the  Grand  Junction  Company's  water  operated  upon 
did   not  contain  tootj  th   of  its   volume   of  unoxidized  sewage.     It 
must  bo  consolatory  to  the  drinker  of  Thames  water  to  know,  that 
although,  according  to  Mr.  Batcman,  the  population  within  tho  basin  of 
the  Thames  above  the  points  at  which  the  water  is  withdrawn  for  the 
supply  of  London  exceeds  1,000,000  persons,  the  drainage  of  some 
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600,000  of  whom  is  poured  into  tlie  river,  the  whole  of  this  focal 
matter  is  so  completely  oxidized  before  it  readies  the  water-cisterns 
of  Louden,  as  to  defy  the  detection  of  any  trace  in  its  noxious  or 
unoxidized  condition.  If  the  average  flow  of  Thames  water  just  above 
the  point  at  which  the  London  companies'  withdraw  their  supply  bo 
taken  at  800,000,000  of  gallons  daily,  the  drainage  of  600,000  people 
ought  to  produce  a  sewage  contamination  of  2250  parts  in  100,000.  It 
could  scarcely  be  «p60ted  that  this  calculated  number  should  approx- 
imate very  closely  In  that  obtained  by  the  actual  analysis  of  Thames 
water,  since  the  calculated  number  depends  upon  limny  contingencies, 
as  for  instance,  upon  the  volume  of  water  actually  flowing  past  the 
points  .if  withdrawal  at  the  time  the  companies  abstracted  the  water 
analyzed ;  and  secondly,  upon  the  greater  or  less  retention  of  the  focal 
matters  in  the  sowers  of  the  towns  draining  into  the  river :  it  is 
interesting,  however,  to  find  that  the  sewage  contamination  of  Thames 
water  as  determined  by  analysis  does  not  differ  much  from  that  calcu- 
lated from  the  above  data.  The  analytical  table  given  below  shows 
that  the  average  previous  sewage  contamination  of  the  water  delivered 
l.y  the  firs  companies  drawing  their  supply  from  the  Thames  during 
the  months  of  February  and  March,  1807,  wan  2466  parte  in  100,000 
of  water,  the  amount  calculated  from  the  number  of  persons  draining 
into  the  river  being  as  just  lneutiom  d  2250  parts  in  100.000  of  water. 
As  summer  advances  and  aquatic  vegetation  becomes  vigorous  iu  the 
bed  of  the  Thames  and  its  tributaries,  this  coincidence  of  calculated 
and  analytical  results  will  doubtless  be  disturbed  ;  as  the  water  plants 
can  scarcely  fail  to  withdraw  an  appreciable  amount  of  nitrates  and 
nitrites  from  the  water,  thus  diminishing  the  amount  of  combined 
nitrogen,  and  consequently  of  previous  sewage  contamination,  as 
determined  by  analysis. 

The  second  important  class  of  impurities  contained  in  water  used 
for  domestic  purposes  consists,  as  above  mentioned,  of  certain  mineral 
salts  which  possess  the  power  of  decomposing  snap.  These  substances 
are  the  haiduiiiii^  or  soap-destroying  constituents  of  waters;  from  a 
purely  sanitary  point  of  view  they  are  of  less  direct  importance,  than 
the  organic  impuri tics,  still  by  rend,  ring  efficient  ablution  and  thorough 
cleanliness  difficult  of  attainment,  they  doubtless  indirectly  affect  the 
health  of  communities  supplied  with  waters  in  which  they  are  present 
in  considerable  quantities,  The  chief  hidden;  ng  ingredients  in  potable 
waters  are  the  salts  of  lime  mid  mugncsia.  These  salts  decompose  soap, 
forming  curdy  and  insoluble  compounds  containing  the  fatty  acids  of 
the  soap,  and  the  lime  and  magnesia  of  the  salts.  So  long  as  this 
decomposition  goes  on  the  soap  tails  to  produce  a  froth im  ssin  the  water, 
and  is  useless  as  a  detergent ;  but  when  all  the  lime  and  magnesia  salts 
liave  been  decomposed  by  the  action  of  the  soap,  tho  slightest  further 
addition  of  tho  latter  produces  a  lather  when  the  water  is  agitated,  but 
this  lather  is  again  destroyed  by  the  addition  of  a  further  quantity  of 
the  hard  water.  Thus  the  addition  of  hard  water  to  a  solution  of  soap, 
or  the  reverse  of  this  operation,  causes  the  production  of  tho  insoluble 
curdy  matter  above  mentioned.     Bearing  this  in  mind,  it  is  easy  to 
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understand  the  process  of  washing  the  skin  with  soap  and  hard  water, 
which  may  be  thus  described : — 1st,  the  skin  is  wetted  with  the  water, 
then  soap  is  applied ;  the  latter  soon  decomposes  all  the  hardening  salts 
contained  in  the  small  quantity  of  water  with  which  the  skin  is  covered, 
and  there  is  then  formed  a  strong  solution  of  soap  which  penetrates  into 
the  pores  of  the  skin.  This  is  the  process  which  goes  on  whilst  a 
lather  is  being  produced  in  washing,  but  now  the  lather  requires  to  be 
removed  from  the  skin.  How  can  this  be  done  ?  Obviously,  only  in 
one  of  two  ways,  viz.  by  wiping  it  off  with  a  towel,  or  by  rinsing  it 
away  with  water.  In  the  former  case  the  pores  of  the  skin  are  left 
filled  with  soap  solution,  in  the  latter  they  become  plugged  up  with 
the  greasy  curdy  matter  which  results  from  the  action  of  the  hard 
water  upon  the  soap  solution  occupying  the  pores  of  the  cuticle.  As 
the  latter  process  of  removing  the  lather  is  the  one  universally  adopted, 
the  operation  of  washing  with  soap  and  hard  water  is  perfectly 
analogous  to  that  used  by  the  dyer  or  calico-printer  when  he  wishes  to 
fix.  a  pigment  in  the  pores  of  any  tissue.  He  first  introduces  into  the 
tubes  of  the  fibre  of  calico,  for  instance,  a  liquid  containing  one  of  the 
ingredients  necessary  for  the  formation  of  the  insoluble  pigment,  this 
is  followed  by  another  liquid  containing  the  remaining  necessary 
ingredients ;  the  insoluble  pigment  is  then  produced  within  the  very 
tubes  of  the  cotton  fibre,  and  is  thus  imprisoned  in  such  a  manner  as 
to  defy  removal  by  subsequent  washing.  The  process  of  ablation, 
therefore,  in  hard  water  is  essentially  one  of  dyeing  the  skin  with  the 
white,  insoluble,  greasy  and  curdy  salts  of  the  fatty  acids  contained  in 
soap.  The  pores  of  the  skin  arc  thus  blocked  up,  and  it  is  only 
because  the  insoluble  pigment  produced  is  white  that  such  a  repulsive 
operation  is  tolerated.  To  those,  however,  who  have  been  accustomed 
to  wash  in  soft  water,  the  abnormal  condition  of  the  skin  thus  induced 
is  for  a  long  time  extremely  unpleasant. 

Nevertheless,  opinion  is  not  quite  unanimous  as  to  the  advantages 
of  soft  water  over  hard :  some  persons  consider  hard  water  to  be 
necessary  for  the  supply  of  the  calcareous  matter  of  the  bones ;  others 
believe  soft  water  to  be  peculiarly  liable  to  attack  and  dissolve  the 
lead  of  the  pipes  through  which  it  is  conveyed,  or  of  the  cisterns  in 
which  it  is  stored. 

An  examination  of  the  grounds  upon  which  these  opinions  are 
based  would  completely  refute  them ;  but  the  limits  of  this  discourse 
do  not  permit  of  such  a  digression,  and  I  must  therefore  content 
myself  with  a  mere  allusion  to  one  or  two  facts  in  connection  with 
them.  First,  as  to  the  necessity  of  hard  water  for  the  supply  of  the 
calcareous  matter  of  bones.  If  it  be  assumed  that  a  man  drinks  daily 
half-a-gallon  of  Thames  water,  he  obtains  from  it  3  J  grains  of  lime, 
chiefly  in  the  form  of  chalk.  This  amounts  to  not  quite  three  ounces 
per  annum,  which  does  not  seem  to  be  a  very  largo  contribution  to 
bony  matter.  Now  suppose  the  use  of  this  water  to  be  discontinued, 
and  that  no  part  of  it  is  replaced  by  bitter  beer,  which  always  con- 
tains far  more  lime  in  a  given  volume  than  Thames  water ;  but  wo 
will  assuuio  that  the  individual  consumes  one- third  of  a  pint  of  milk 
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per  day,  he  then  receives  in  this  quantity  of  milk  more  lime  than  his 
system  can  acquire  from  two  quarts  of  Thames  water.    Then  as  to  soft 
water  attacking  and  dissolving  lead  and  thus  becoming  poisonous ;  it  is 
by  no  means  true,  as  a  general  proposition,  that  soft  water  does  attack 
and  dissolve  this  metaL  The  very  soft  water  of  Loch  Ness,  as  supplied 
to  Inverness,  does  not  attack  lead,  as  evidenced  by  the  condition  of  the 
lead  pipes  which  I  now  produce,  and  through  some  of  which  that  water 
flowed  for  six  years ;  neither  does  the  soft  water  of  Ennerdale  Lake,  sup- 
plied to  Whitehaven,  attack  lead.  Even  those  soft  waters  "which  do  attack 
the  metal,  such  as  those  now  supplied  to  Glasgow  and  Manchester, 
only  do  so  when  the  surface  of  the  lead  is  clean  and  bright.     The 
action  soon  ceases ;  in  fact  as  soon  as  the  metal  becomes  tarnished  the 
pipes  are  protected ;  and  no  complaints  of  any  symptoms  of  lead 
poisoning  have,  for  the  past  ten  years,  been  heard  from  these  large 
cities.     Lastly,  a  sample  of  very  soft  water,  taken  from  one  of  the 
principal  streams  from  which  it  is  proposed  to  supply  London,  has 
no  action  even  upon  clean  and  bright  lead.     Notwithstanding  the 
numerous  researches  made  in  connection  with  this  subject,  the  causes 
of  the  attack  of  lead  by  water  have  not  yet  been  completely  elucidated ; 
it  has,  however,  been  established  that  the  presence  of  oxygen  and  the 
comparative   absence  of  carbonic  acid  in  the  dissolved  gases  are 
essential  conditions  to  this  action.    Messrs.  Graham,  Miller,  and 
Hofmann,  in  their  repor^  on  the  Metropolitan  Waters  in  1851,  first 
showed  that  carbonic  acid,  when  dissolved  in  water,  was  a  complete 
protection  against  lead  contamination,  and  from  a  series  of  experi- 
ments recently  made,  I  find  that  two  volumes  of  carbonic  acid  dis- 
solved in  100  volumes  of  water,  completely  protect  even  distilled 
water  from  such  contamination.     Bain  water  as  it  descends  to  the 
earth  dissolves  atmospheric  gases,  and  this  solution  is  afterwards 
continued  in  brooks  and  rivers.     Of  the  chief  atmospheric  gases  car- 
bonic acid  is  by  far  the  most  soluble  ;  100  volumes  of  pure  water  can 
dissolve  100  volumes  of  this  gas ;  oxygen,  on  the  other  hand,  only 
dissolves  to  the  extent  of  3  volumes  in  100  volumes  of  water.    Never- 
theless, owing  to  the  much  larger  proportion  of  oxygen  than  of 
carbonic  acid  in  atmospheric  air  (500:1),  water  takes  up  oxygen 
more  rapidly  than  carbonic  acid,  and  hence  freshly  fallen  rain-water 
acts  upon  lead  ;  but  when  the  water  flows  a  great  distance  through  an 
open  conduit,  the  carbonic  acid  absorbed  finally  reaches  the  protecting 
proportion,  and  the  action  upon  lead  ceases,  although  the  water  retains 
its  original  softness.    Hence  there  is  no  necessary  connection  between 
soft  water  and  lead  corrosion.    Even  distilled  water,  left  in  contact 
with  the  air,  for  some  time,  loses  its  property  of  acting  upon  lead. 

The  third  class  of  impurities  present  in  potable  waters,  viz.  matters 
which  are  not  expelled  at  a  red  heat,  and  which  do  not  decompose 
soap,  require  no  detailed  notice ;  they  consist  chiefly  of  salts  of  the 
alkali  metals,  such  as  the  sulphates  and  chlorides  of  potassium  and 
sodium.  Unless  present  in  excessive  quantity  they  are  innocuous, 
both  as  regards  the  internal  and  external  use  of  the  water. 

We  are  now  in  a  position  to  understand  the  following  table,  which 
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contains  the  results  of  the  analytical  examination  of  the  waters  sup- 
plied to  the  metropolis  during  the  past  two  months : — 

Quality  of  the  Water$  supplied  to  the  Metropolis  during  the  Months  of 

February  and  March,  1867. 


2 


Names  of  Companies.     ,  P***  of  Water. 


Total  solid  im- 
parity in  100,<HH)  Organic  Carbon. 


3 


Feb. 


Thames. 
Chelsea     .     .     .     . 

West  Middlesex  .     •  ■ 
Southwark  and  Vaux- 

hall 

Grand  Junction  .     . 
Lambeth  .     .     .     .  ! 

Other  Sources. 
New  River  .  . 
East  London  .  . 
Kent  .... 
South  Essex   .     . 

Water  from  Loch  Ka-* ' 
trine  as  supplied  in 
Glasgow     •     •     • 


March. 


28-58 
28"  08 

29-08 
29-44J 
29*36 

29-72. 
33-56! 
39-84 
38-  321 


30-96 
30*26 

31-22 
31-54 
32-10 

27-70 
30-36 
39-90 
37-68 


Nitrogen  as 

Nitrates 
and  Nitrites. 


Feb. 


March. 


Feb. 


March. 


Feb.      March. 


185 
245 

256 


356 


•433 
•340 

•293 
•417 
•423 

•272 

•293 

•088  I  114  '   -421 

•143  ;  -185- i  -844 


337   -352 


313 


•311  ;  -322 
•289   -341 


•284  i  "350 
•270  ,  -357 


•357   -344 
•345 


341 


-004 
006 

005 
004 
005 


•332  ,  -003 
•320   -004 


256 


031 


417 
851 


008 
007 


•004 
-008 

•005 

•004 

008 

004 
004 
004 
005 


002 


8 

■ 

7 

8 

9 

Total 

I  corn- 

Previous 

• 

bined      * 

Sewage   con- 

Hardness. 

Soap  destroyed. 

Names  of  Companies. 

Nitrogen. 

tamii 

laiion. 
March. 

Feb. 

March. 

Feb. 

Feb. 

March. 

Feb. 

Marco. 

Thames. 

Chelsea     .... 

•371 

•355 

2420 

2565 

16-2 

18-3 

194  4    219*6 

West  Middlesex  .     . 

•412 

•319 

2630 

2205 

16-2 

18-9 

194-4    226*8 

Southwark  and  Vaux- 

•361 

•348 

2630 

2495 

16  8 

19-1 

201-6!  229-2 

Grand  Junction  .     . 

•325 

•348 

2270 

2495 

171 

19-4 

205-2.  232  8 

Lambeth  .... 

•356 

•347 

2470 

2485 

16  0 

18-5 

192-0    222*0 

Other  Sources. 

New  River     .     .     • 

•396 

•335 

2540 

2365 

18-5 

16-8 

222-0   201-6 

East  London  .     .     . 

•392 

•323 

2620 

2245 

18-8 

18-3 

225-6-  219  6 

•428 

•420 

3800 

3215  1 

231 

23  0 

277-21  276-0 

South  Essex  •     .     • 

•850 

•855  , 

7520 

7565  ' 

21  1 

21-4 

253-2,  256  8 

Water  from  Loch  Ka-)' 

trine  as  supplied  in  I. 

•041 

— 

0 

— 

•3 

— 

3-6 

Glasgow      .     •     •). 

i 
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The  numbers  in  columns  2,  3,  4,  5,  6,  7,  8,  and  9,  all  relate  to 
100,000  parts  of  the  waters.  Column  No.  2  shows  the  total  solid 
impurity  contained  in  each  water  as  delivered  from  the  Company's 
mains.  No.  3  gives  the  amount  of  carbon  contained  in  the  organic 
matter  present  in  this  solid  impurity.  No.  4,  the  amount  of  nitrogen 
in  the  form  of  salts  of  nitric  and  nitrous  acids.  Column  No.  5  shows 
the  amount  of  ammonia  present  in  each  sample,  and  column  No.  6 
records  the  total  amount  of  nitrogen  in  the  several  forms  of  nitro- 
genous organic  matter,  salts  of  nitric  and  nitrous  acids  and  ammonia, 
whilst  column  No.  7  exhibits  the  previous  sewage  contamination 
estimated  as  above  described.  Column  No.  8  shows  the  hardness  of 
each  water  as  estimated  by  the  soap  test ;  that  is,  the  number  of  parts 
of  carbonate  of  lime,  or  its  equivalent  of  other  hardening  salts  con- 
tained in  100,000  parts  of  the  water.  Finally,  column  No.  9  gives 
the  amount  of  soap  which  it  is  necessary  to  add  to  100,000  parts  of 
each  water  before  a  lather  can  be  produced,  this  amount  of  soap 
being  thus  wasted  or  destroyed  in  decomposing  the  hardening  con- 
stituents of  the  water.  It  is  usual  to  call  each  part  of  carbonate  of 
lime  or  its  equivalent  of  other  hardening  material  in  100,000  parts  of 
water,  a  degree  of  hardness.*  Each  degree  of  hardness  indicates 
the  destruction  of  12  parts  of  the  best  hard  soap  by  100,000  parts  of 
water. 

As  an  example  of  the  mode  of  reading  the  above  table,  we  may 
take  the  Chelsea  Company's  water,  100,000  lbs.  of  which  contained, 
in  the  month  of  February  last,  28*58  lbs.  of  solid  impurity;  the 
organic  matter  constituting  a  portion  of  this  impurity  contained 
0*433  lb.  of  carbon.  This  solid  impurity  also  contained  0*337  lb.  of 
nitrogen  in  the  shape  of  nitrates  and  nitrites,  besides  0*004  lb.  of 
ammonia ;  whilst  the  total  amount  of  combined  nitrogen  in  every  form 
was  found  to  be  0*371  lb.  The  above  quantity  of  water  as  supplied 
by  the  Chelsea  Company  had  been,  after  its  descent  to  the  earth  as 
rain,  contaminated  with  sewage  or  manure  matter  equivalent  to 
2420  lbs.  of  average  London  sewage.  By  gradual  oxidation,  partly  in 
the  pores  of  the  soil,  partly  in  the  Thames  and  its  tributaries,  and 
partly  in  the  reservoirs,  filters,  and  conduits  of  the  Chelsea  Water 
Company,  this  sewage  contamination  had  been  entirely  converted 
into  comparatively  innocuous  inorganic  compounds  before  its  delivery 
to  consumers.  Finally,  100,000  lbs.  of  the  said  water  contained 
16*2  lbs.  of  carbonate  of  lime,  or  their  equivalent  of  other  hardening 
ingredients  ;  whilst,  if  the  water  were  used  for  washing,  100,000  lbs. 
of  it  would  occasion  the  waste  of  194*4  lbs.  of  the  best  hard  soap. 


*  The  degree  of  hardness  more  usually  employed  by  chemists  is  that  first 
proposed  by  Dr.  T.  Clark,  viz.  one  grain  of  carbonate  x>f  lime  or  its  equivalent, 
in  one  imperial  gallon  of  water,  or  one  part  in  70,000  of  water.  The  degrees  in 
the  above  table  harmonize  better  with  the  decimal  arrangements  of  the  rest  of 
the  analytical  results :  they  are  readily  converted  into  Clark's  degrees  by  multi- 
plying by  7,  and  then  moving  the  decimal  point  one  place  to  the  left. 
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For  the  purpose  of  comparison  I  have  also  appended  to  the  above 
table  the  results  yielded  by  Loch  Katrine  water,  as  delivered  in 
Glasgow,  when  submitted  to  the  same  analytical  processes.  A  glance 
at  the  table  will  show  how  vastly  superior  is  the  quality  of  this  water 
as  compared  with  the  best  at  present  supplied  to  London.  100,000  lbs. 
of  this  water  contain  but  3*28  lbs.  of  solid  impurity ;  it  has  no  sewage 
contamination,  previous  or  present,  and  it  has  only  0*8  degree  of 
hardness,  occasioning  the  destruction  of  only  3*6  lbs.  of  soap  by 
100,000  lbs.  of  the  water. 

Such  is  the  chemical  history  of  the  water  at  present  supplied  to 
the  metropolis ;  and  it  must  bo  borne  in  mind  that,  grave  as  are  its 
defects,  the  mode  of  tho  delivery  of  this  water  to  consumers  is  still 
more  defective.  That  in  a  densely-populated  city,  water  should  be  deli- 
vered only  once  and  for  a  few  minutes  in  twenty-four  hours,  and  not  at 
all  on  Sundays,  is  a  condition  of  things  utterly  incompatible  with  the 
supply  of  wholesome  and  palatable  water.  Even  if  the  water  of  Loch 
Katrine  itself  were  delivored  in  London  according  to  tho  system  at 
present  adopted  by  the  metropolitan  water  companies,  it  would  in- 
fallibly be  rendered  unfit  for  human  consumption  after  twenty -four 
hours'  exposure  to  the  vile  atmosphere  and  sewer  gases  in  which  the 
water  cisterns  of  London  are  systematically  placed. 

The  fundamental  defects  of  our  present  water  supply  may  be  thus 
summed  up : — 

1.  Great  previous  sewage  contamination. 

2.  Liability  to  present  sowage  contamination. 

3.  Great  hardness. 

4.  Intermittent  supply. 

Quality  of  the  proposed  Metropolitan  Water  Supply. — The  waters 
from  tho  sources  of  the  Severn  and  from  the  Cumberland  Lakes  have 
not  yet  been  submitted  to  tho  above  analytical  processes,  and  it  is 
therefore  impossible  to  compare  them  in  all  respects  with  the  present 
metropolitan  supply.  The  water  of  tho  Bala  Lake,  in  North  Wales, 
which  may  bo  regarded  as  similar  to  that  which  would  be  supplied 
by  Mr.  Bateman's  scheme,  was  examined  by  the  late  Dr.  B.  D. 
Thomson,  and  the  waters  of  the  Cumberland  Lakes  have  been  more 
elaborately  investigated  by  Professor  Way.  From  the  analyses  of 
these  chemists  the  following  numbers  are  calculated : — 


Total 

solid  impurity 

iu  100,000  parte. 

Hardness. 

Soap  destroyed. 

2-97 
5-70 
5-94 
5-16 

2°-9 
3°-0 
2°-l 

13-2 
34-8 
36-0 
25-2 

A  comparison  of  these  numbers  with  those  given  in  the  previous 
table  exhibits  the  great  superiority  of  the  proposed  waters  over  those 
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at  present  supplied  to  London  as  regards  total  solid  impurity  and 
soap-destroying  ingredients,  whilst  it  can  scarcely  be  doubted  that 
waters  obtained  from  such  sources  will  bo  as  free  from  deleterious 
organic  contamination  as  that  of  Loch  Katrine. 

Amelioration  of  present  Water  Supply. — In  the  event  of  a  new 
source  of  water  supply  being  at  once  determined  upon,  at  least  seven 
years  must  elapse  before  it  can  be  rendered  available  to  the  metro- 
polis ;  it  therefore  becomes  important  to  inquire  how  far  it  is  possible 
in  the  interim  to  ameliorate  our  present  supply.  The  first  and  most 
obvious  improvement  would  bo  the  substitution  of  the  constant  for  the 
intermittent  system  of  delivery.  With  certain  restrictions,  all  the 
metropolitan  companies  express  their  willingness  to  make  this  change, 
and  with  the  unanimity  of  opinion  regarding  its  advisability  it  is 
difficult  to  account  for  the  delay  in  effecting  it,  unless  it  arise  from 
the  paltry  cost  involved  in  the  alteration  of  the  present  fittings,  which 
would  fall  upon  the  landlords  of  small  tenements.  Most  towns  of 
importance  in  Great  Britain  have  been  long  supplied  with  water  on 
the  constant  system ;  why,  then,  is  this  boon  denied  to  London,  where 
it  is  much  more  urgently  required  ?  Until  this  alteration  is  effected 
it  is,  for  the  bulk  of  the  population,  almost  useless  to  improve  the 
quality  of  the  water.  Where  a  supply  for  one  or  even  two  days  has 
to  be  stored  in  a  filthy  butt,  exposed  to  the  foul  atmosphere  of  a  crowded 
court  or  alley,  good  and  wholesome  water  can  never  reach  the  lips  of 
the  consumers. 

The  most  formidable  danger  arising  from  the  use  of  the  present 
water  supply  is  undoubtedly  the  liability  to  actual  sewage  contamina- 
tion, such  as  that  which  there  is  every  reason  to  believe  destroyed  so 
many  lives  in  the  east  of  London  last  summer.  How  can  we  best 
protect  ourselves  against  this  noxious  contamination  ?  The  answer  is, 
there  is  no  absolutely  reliable  protection.  Filtration  through  animal 
charcoal  is  perhaps  the  best  safeguard ;  but  I  have  shown  that  this  pro- 
cess fails  to  remove  from  water  the  matter  which  is  believed  to  constitute 
cholera  poison.  Permanganate  of  potash  is  also  an  excellent  purifier 
of  water,  but  there  is  not  the  slightest  evidence  that  this  agent  can 
destroy  cholera  poison.  Boiling  the  water  for  a  short  time  is  no 
guarantee  that  its  noxious  qualities  are  destroyed ;  for,  even  on  the 
very  probable  supposition  that  cholera  and  other  similar  poisons  are 
organic  germs,  we  know  that  many  such  germs,  especially  those  which  are 
of  a  low  type,  retain  their  vitality  after  being  boiled  in  water  or  even 
after  exposure  to  a  temperature  of  248°  F.  for  a  considerable  time. 
The  late  Dr.  Lindley  mentions  the  fact  of  raspberry  seeds  germinating 
after  being  boiled  for  jam  ;  and  as  syrup  boils  at  a  higher  temperature 
than  water,  these  seeds  must  have  been  exposed  to  a  heat  considerably 
higher  than  that  of  boiling  water.  Nearly  twenty  years  ago  a 
curious  red  fungus  or  mould  (Oidium  aurantiacum)  attacked  the  bread 
of  Paris.  M.  Payen  exposed  pieces  of  bread,  upon  which  spores  of 
the  fungus  had  been  sown,  for  half  an  hour  to  248°  F.  in  tubes  ;  the 
red  fungus  afterwards  germinated,  although  its  vitality  was  destroyed 
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when  the  temperature  was  raised  to  284°  F.  I  have  undoubted 
evidence  of  the  production  of  violent  cramps  and  diarrhoea  by  the 
drinking  of  tea  made  from  water  which,  previous  to  boiling,  had 
becomo  contaminated  with  sewage. 

Nevertheless,  whilst  none  of  theso  methods  can  bo  relied  upon  for 
the  destruction  of  noxious  organic  matter  in  water,  I  am  far  from 
wishing  to  discourage  their  use  as  measures  of  precaution.  More 
especially  would  I  recommend  filtration  through  animal  charcoal  as  a 
most  undoubted  and  valuable  means  of  greatly  reducing  the  amount  of 
organic  matter  in  water.  I  find  that  water  will  readily  pass  through 
a  stratum  of  animal  charcoal  three  feet  thick,  at  the  rate  of  41,472  gallons 
per  day  per  square  foot,  the  oxidizable  organic  matter  contained  in  the 
water  being  reduced  to  one-half.  Five  hundred  tons  of  animal  charcoal 
would  be  an  ample  quantity  through  which  thus  to  pass  the  whole  of 
the  present  metropolitan  water  supply.  This  at  13 J.  per  ton  would 
cost  6500Z.  This  charcoal  would  require  to  be  heated  to  redness 
in  retorts  or  ovens,  for  a  couple  of  hours  every  six  months.  It 
would  last  for  two  years,  and  would  then  be  worth  nearly  half  its 
original  cost  as  manure. 

With  regard  to  the  excessive  hardness  of  the  London  waters,  it 
does  not  appear  that  any  practicable  scheme  of  amelioration  can  be 
contrived.  Some  twenty  years  ago  a  beautiful  and  very  simple  process 
of  softening  hard  waters  by  the  addition  of  lime  was  devised  by  Dr. 
Clark,  of  Aberdeen  ;  but  although  this  process  has  repeatedly  been 
tried  by  water  companies,  it  has  invariably  been  again  abandoned, 
since,  notwithstanding  the  cheapness  of  the  material  employed,  the 
amount  of  carbonate  of  lime  deposited  by  the  London  waters  when 
submitted  to  this  treatment  was,  in  tho  case  of  such  vast  volumes  of 
water,  so  enormous,  as  to  cause  the  process  to  be  pronounced  imprac- 
ticable. It  is  to  be  feared,  therefore,  that  wo  must  for  the  present  be 
content  to  block  up  the  pores  of  our  skins  with  the  greasy  curd  of 
hard  water ;  but  it  is  very  desirable  that  the  other  ameliorations  of 
which  I  have  spoken  should  be  carried  out  at  once,  although  they 
ought  not  to  delay  the  introduction  of  a  water-supply  free  from  sewage 
contamination.  Such  a  supply  is  a  priceless  boon  to  a  community ;  and 
relying  upon  our  experience  in  other  cities,  it  is  not  too  much  to  hope 
that  its  introduction  into  London  would  be  tho  means  of  banishing  far 
ever  epidemic  cholera  from  the  capital  of  this  country. 

[E.  P.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  April  1,  1867. 

William  Spottiswoode,  Esq.  M.A.  F.R.S.  Treasurer  and 

Vice-President,  in  the  Chair. 

Charles  John  Leaf,  Esq. 

John  Neal,  Esq. 

Evan  Wynne  Roberts,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

John  Brunskill,  Esq.  and 
T.  A.  Rochnssen,  Esq.  C.E. 

were  admitted  Members  of  the  Royal  Institution. 

The  decease  of  Sib  George  Evebest,  C.B.  F.R.S.  and  of  Lewis 
Powell,  M.D.  F.S.A.  Managers  of  the  Royal  Institution,  was 
announced  from  the  Chair. 

The  Presents  received  since  the  last  Mooting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

PROM 

Trustees  of  the  British  Museum — Catalogue  of  Hebrew  Books.    8vo.    1867. 

List  of  Birds.     Part  5.     Gallinra.     16to.     1867. 
Alcock,  Lieut-Colonel  F.  St.  Leger,  M.R.I.  {the  Author)— The  Militia,  the  Nucleus 

of  our  Defensive  Force.    (K.  94)    8vo.     1867. 
Asiatic  Society  of  Bengal — Journal,  No.  136.     8vo.     1866. 

Astronomical  Society,  Royal — Monthly  Notices.  Vol.  XXVII.   No.  4.   8vo.    1867. 
Chemical  Society — Journal  for  March,  1867.    8vo. 
Editors — Artizan  for  March,  1867.    4  to. 

Athenaeum  for  March,  1867.    4to. 

British  Journal  of  Photography  for  March,  1867.    4to. 

Chemical  News  for  March,  1867.    4to. 

Engineer  for  March,  1867.    fol. 

Horological  Journal  for  March,  1867.    8vo. 

Journal  of  Gas-Lighting  for  March,  1867.    4ta 

Mechanics'  Magazine  for  March,  1867.    8vo. 

Pharmaceutical  Journal  for  March,  1867. 
Franklin  Institute— J ournal.  No.  493.     8vo.     1867. 

Geological  Institute,  Royal,  Vienna — Jahrbuch.    Bond  XVI.    No.  4.    4to.    1866 
Held,  Dr.  Joseph  [the  Author}— Stoat  und  Gesellschaft    Band  III.    8vo.    Leipzig. 

18(>r>. 
Horticultural  Society,  Royal — Proceeding*.    Vol.  L  No.  7.    8vo.    1867. 
Irish  Academy,  Royal — Transactions.    VoL  XXIV.    Science.    Parts  7,  8.    4to. 
1866-7. 

Proceedings.    Vol.  VII.  Parts  9,  15.    8ro.     1860-2.    Vol.  IX.  Parts  2,  3,  4. 
8vo.     1865-7. 
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Loseby,  E.  T.  Esq.  (the  Author)— On  the  Phenomena  of  Meteors.    (O  14)     1867. 
Medico-Chirurgical  Society,  tfoyoJ— Proceedings.    Vol.  V.  No.  6.    8vo.     1867. 
Meteorological  Soc/rfy— Proceeding*,  No.  28.    8vo.     1867. 
Newton,  Alfred  Vincent,  Esq. — A  Display  of  Heraldry.    By  Wm.  Newton.     8*0. 

1846. 
Photographic  Society— Journal,  No.  179.    8vo.    1867. 
Royal  Society  of  London— Proceedings,  No.  90.     8vo.    1867. 
Royal  Society  of  Literature— Transactions,  Vol.  VIII.  Part  8.    8vo.     1866. 
Society  of  Antiquaries— Archa»logia.     Vol.  XL.  Purt  1.    4to.     1866. 

Proceedings.    Vol.  III.  Nob.  1,  2.    8vo.     1865. 
Stepney,  Colonel  Cowdl— Papers  relating  to  William,  first  Earl  of  Gowrie,  and 

Patrick,  his  last  surviving  Son.     8vo.     1867. 
Symons,  O.  J.  Esq.  {the  Author j— Symons'  Montlily  Meteorological  Magazine. 

March,  1867.    8va 
United  Service  Institution,  .BtyaZ— Journal,  No.  40.    8vo.     1866. 


WEEKLY  EVENING  MEETING, 
Friday,  April  5,  1867. 

Colonel  Philip  James  Yobke,  F.R.S.  Vice-President,  in  the  Chair. 

William  Pengelly,  Esq.  F.R.S. 
On  the  Insulation  of  St.  Michaels  Mount,  Cornwall. 

The  opinion  which  at  present  prevails  respecting  the  antiquity  of 
man  is  largely  ascribable,  either  directly  or  indirectly,  to  the  results 
obtained,  in  1858,  from  the  exploration  of  the  celebrated  cavern  on 
Windmill  Hill,  at  Brixham,  in  South  Devon.  The  entrances  of  this 
cavern  are  in  the  slopes  of  the  hill,  78  feet  above  the  existing  bottom 
of  the  valley  immediately  boneath,  and  100  feet  above  the  level  of 
mean  tide.  Within  the  memory  of  persons  still  living  this  valley  was 
fully  fifteen  feet  deeper  than  it  is  at  present,  it  having  been  to  that 
extent  filled  up  by  the  artificial  lodgment  of  rubbish  in  order  to  the 
formation  of  the  principal  thoroughfare  to  Brixham  harbour.  Prior 
to  this  the  tide  occasionally  flowed  up  the  valley  above  the  point 
immediately  below  the  cavern  entrances. 

The  natural  bottom  of  the  valley  consisted  of  vegetable  remains, 
lying  on  and  rooted  in  blue  clay  of  unknown  depth ;  being,  in  fact, 
a  portion  of  the  submerged  forest  which  covers  a  large  part  of  the 
bottom  of  Torbay,  and  which  has  been  traced  seaward  to  the  five- 
fathoms  line.  Mixed  with  the  vegetable  remains,  which  are  those  of 
such  species  of  plants  and  trees  as  still  exist  in  the  neighbourhood, 
have  been  found  the  bones  of  Elephas  primigenius,  Bos  longifronsy  zed 
deer,  horse,  and  wild  hog.  Similar  and  coeval  forests  are  well  known 
to  exist  on  the  opposite  snores  of  the  English,  Bristol,  and  St.  George's 
Channels,  as  well  as  in  other  localities.    They  everywhere  present 
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the  same  phenomena,  among  which  may  be  specially  mentioned  large 
vertical  stumps  of  trees,  with  roots  and  rootlets  ramifying  to  consider- 
able distances  through  the  clay. 

Prom  the  character  and  arrangement  of  the  materials  found  in  the 
cavern,  it  was  obvious  that  they  Imd'liwn  introduced  by  the  action  of 
a  small  stream  of  water  flowing  persistently  through  it  at  a  time  when 
the  bottom  of  the  valley  was  on  the  level  of  the  cavern  entrances. 

From  the  foregoing  statements,  it  follows  that  since  the  cave- 
earth,  containing  Urn  bones  of  extinct  mammals  and  human  implements, 
was  carried  into  the  cavern,  the  following  changes  have  been  wrought 
in  the  district : — 

1st  and  earliest.  The  depth  of  the  valley  was  increased  by  at  least 
one  hundred  feet. 

2nd.  The  excavated  valley  was  partially  refilled  by  the  lodgment 
in  it  of  a  thick  mass  of  blue  clay. 

3rd.  In  this  clay  grew  a  forest  which  afforded  food  and  shelter  to 
nniaorons  animals,  some  of  which  belonged  to  species  now  extinct. 

4th.  The  entire  country  underwent  a  slow,  tranquil,  and  uniform 
subsidence,  to  the  extent  of  at  least  forty  feet. 

Though  the  time  required  for  and  represented  by  these  changes 
must  be  great,  it  fails  to  fill  the  interval  between  the  present  day  and 
the  earliest  traces  of  man  in  Devonshire  ;  for  since  the  last  adjustment 
of  the  relative  level  of  sea  and  land  the  waves  have  cut  back  the  cliffs 
until  they  have  formed  a  foreshore  which,  in  some  casos  even  where 
the  rocks  are  hard  and  crystalline,  is  more  than  half-a-mile  in  width. 
This  strand  constitutes  a  fifth  change  since  the  advent  of  man  in 
south-western  England.  It  is  the  object  of  this  discourso  to  show 
that  tho  .commencement  of  this,  the  most  recent  of  the  changes,  must 
have  been  long  before  the  Christian  era. 

It  is  well  known  that  St.  Michael's  Mount  in  Cornwall  is  an  island 
at  every  high  water,  and,  with  rare  exceptions,  a  peninsula  at  every 
low  water.  Its  distance  from  Marazion  Cliff,  the  nearest  point  of  the 
mainland,  to  spring-tide  high-water  mark  on  its  own  strand,  is  about 
1681)  feet.  The  tidal  isthmus  consists  of  the  outcrop  of  highly  in- 
clined Devonian  slate  and  associated  rocks,  and  in  most  cases  is 
covered  with  a  thin  layer  of  gravel  or  sand.  At  spring  tides,  in  still 
weather,  it  is  at  high  water  about  twelve  feet  below,  and  at  low  water 
six  feet  above,  the  sea  level.  In  fine  weather  it  is  dry  from  four  to 
five  hours  every  tide  ;  hut  occasionally,  during  very  stormy  weather 
and  neap  tides,  it  is  impossible,  to  cross  from  the  mainland  for  two  or 
three  days  together. 

Tho  Mount  is  an  outlier  of  granite,  measuring  at  its  base  about 
five  furlongs  in  circumference,  and  rising  to  the  height  of  195  feet 
above  mean  tide.  At  high  water  it  plunges  abruptly  into  the  sea, 
e-verpt  on  lb',  north  or  luudu'ard  side,  where  tho  granite  comes  into 
contact  with  the  slate.  Here  there  is  a  small  plain  occupied  by  a 
village  ;  adjacont  to  which  is  the  harbour,  which  was  built  in  1726-7, 
and  is  capable  of  receiving  ships  of  500  tons  burden. 
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The  country  immediately  behind  or  north  of  the  town  of  Maraaion, 
consists  of  Devonian  strata  traversed  by  traps  and  elvans,  and  attains 
a  considerable  elevation..  The  town  stands  on  a  small  plain,  which 
terminates  in  a  cliff  from  twelve  to  twenty  feet  high.  Judging  from 
the  cliff,  the  plain  is  a  subaerial  accumulation  of  fragments  of  rock 
derived  from  the  adjacent  hill,  and  embedded,  without  any  approach 
to  regularity  of  arrangement,  in  a  yellowish  clay,  which  probably  forms 
no  moro  than  from  30  to  40  per  cent,  of  the  entire  mass. 

It  is  obvious  that,  all  other  things  being  the  same,  the  Mount 
would  be  a  permanent  peninsula  if  the  district  were  raised  twelve  feet, 
and  always  an  island  if  it  wero  six  feet  lower.  It  must  have  been  the 
former  during  the  growth  of  the  well-known  adjacent  submerged  forest ; 
and  its  insulation  was  necessarily  the  result  either  of  the  subsidence 
by  which  tho  forest  area  was  carried  below  the  sea  level,  or  of  a 
subsequent  retreat  of  the  coast  line  in  consequence  of  the  wasting 
action  of  the  waves. 

There  can  bo  no  doubt  that  the  Marazion  plain  is  somewhat  ill- 
adapted,  if  much  exposed,  to  resist  the  encroaching  tendency  of  the  sea; 
the  vertical  cliff  in  which  it  terminates  suggests  the  idea  that  the 
waves  have  shorn  it  of  some  part  of  its  area,  and  this  suggestion  is 
apparently  strengthened  by  the  fact  that  in  some  places  the  cliff  is 
bounded  by  a  sea-wall.  A  careful  study  of  the  plain,  however,  shows 
that  though  tho  space  between  its  margin  and  some  of  the  Marazion 
houses  is  scarcely  a  yard  broad,  the  wall  is  so  very  slender  as  to 
indicate  that  it  could  never  have  been  intended,  and  was  not  expected, 
to  be  called  on  to  resist  powerful  attempts  at  encroachment.  More- 
over, several  parts  of  the  cliff  have  never  had  any  artificial  protection, 
and  these  have  not  retreated,  even  to  the  extent  of  a  single  inch,  more 
than  those  which  aro  defended  by  tho  wall. 

Again,  the  only  quarter  from  which  destructive  waves  can  be  sent 
to  this  part  of  the  coast,  is  that  included  within  the  quadrant  of  the 
horizon  between  south-west  and  south-east,  and  on  this  side  they  are 
so  effectually  intercepted  by  the  Mount  as  to  render  it  probable  that 
the  cliffs  have  wasted  scarcely  moro  rapidly  than  has  tho  natural 
granitic  breakwater  which  defends  them.  From  information  furnished 
by  intelligent  natives,  familiar  with  the  district  during  the  last  seventy- 
five  years,  it  appears  that  there  has  been  no  loss  of  area  in  that  time ;  but 
east  of  it,  where  the  Mount  affords  no  shelter,  there  has  been  a  "  great 
loss  of  land/'  which,  on  being  measured  under  their  directions,  was 
found  to  have  been  at  the  rate  of  about  thirty-three  feet  in  a  century. 

If,  from  the  foregoing  data,  the  retrocession  of  tho  sheltered  cliffs 
be  taken  at  ten  feet  in  a  century — probably  a  high  estimate— the 
Mount  cannot  have  become  an  island  within  the  last  16,800  years ; 
and  it  must  be  borne  in  mind  that  on  the  hypothesis  of  insulation  by 
encroachment,  at  present  under  review,  the  submergence  of  the  forests 
was  still  earlier. 

Geologists  have  called  attention  to  the  fact  that  the  "  Greens,"  or 
sand-banks  which  form  the  coasts  immediately  east  and  west  of 
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Penzance — the  former  extending  almost  to  the  Mount — have  wasted  at 
a  rate  greatly  exceeding  any  of  the  figures  just  given.  According  to 
Dr.  Boase,  the  western  "  Green  "  has,  daring  the  last  150  years,  lost 
about  a  foot  in  breadth  annually.  To  apply  this  rate  to  the  Marazion 
plain,  however,  would  be  utterly  fallacious,  for  the  "  Greens  "  consist 
of  loose  sand  exposed  to  the  unchecked  fury  of  the  waves.  Moreover, 
there  is  a  difference  of  opinion  as  to  the  cause  of  this  waste.  Mr. 
Edmonds,  a  native  writer  of  considerable  experience,  states  that  "  in 
the  course  of  the  year  the  sea  always  deposits  more  than  it  withdraws. 
The  great  cause  of  the  lessening  of  the  banks  appears  to  be  the 
constant  abstraction  of  the  adjacent  sand  and  pebbles,  between  low  and 
high  water,  for  manure,  ballast,  road-making,  building,  and  other 
purposes." 

Though  the  hypothesis  of  insulation  by  encroachment  carries  back 
the  era  of  submergence  fully  17,000  years  from  the  present  time,  the 
rival  supposition,  that  the  severance  of  the  Mount  from  the  mainland 
was  simply  the  result  of  the  subsidence  of  the  country,  leaves  the 
chronology  of  the  event  an  open  question.  It  may  have  happened  in 
more  recent  or  in  more  modern  times,  but  it  must  not  be  forgotten 
that  the  forests,  which  the  subsidence  carried  down,  go  back  to  the 
mammoth  era. 

History,  however,  affords  some  evidence  on  the  question.  St. 
Keyna  is  said  to  have  made  a  pilgrimage  to  the  Mount,  and  there  to 
have  met  St.  Cadoc,  another  pilgrim,  about  tho  year  490.  An  appari- 
tion of  St.  Michael  was  seen  on  the  Mount  in  495,  or,  as  some  assert, 
in  710.  It  is  of  no  avail  to  object  that,  at  least,  the  latter  event  is 
improbable.  The  well-established  fact  that  its  occurrence  was  taught 
and  believed,  warrants  the  opinion  that  the  monkish  chroniclers  care- 
fully recorded  every  great  event  connected  with  a  spot  so  sacred,  and 
that  they  would  have  certainly  mentioned  so  important  an  occurrence 
as  its  severance  from  the  mainland.  Nor  was  the  belief  in  this  sanctity 
of  brief  duration.  In  1044,  Edward  the  Confessor  granted  a  charter 
to  a  body  of  monks  already  established  there,  and  in  1079,  Pope 
Gregory  VII.  granted  a  remission  of  a  third  of  their  penance  to  all 
persons  who  should  visit  the  Church  of  St  Michael  at  the  Mount, 
with  oblations  and  alms. 

From  detailed  descriptions  still  in  existence,  it  appears  that  the 
dimensions  of  tho  Mount,  and  its  distance  from  the  mainland,  were 
in  the  16th  and  15th  centuries,  much  the  same  as  at  present.  Leland 
(1533  to  '40)  says,  "  the  cumpace  of  the  roote  of  the  Mont  of  S. 
Michael  is  not  dim  "  (half)  "  myle  about."  William  of  Worcester 
(1461  to  '82)  estimates  tho  distance  from  Marazion  to  the  foot  of  the 
Mount  to  be  "  700  stoppys,"  and  as  he  states  that  the  length  of  St. 
Michael's  Church  was  "30  steppys,"  and  of  the  new  chapel  was 
"  40  feet  or  20  steppys/'  it  is  obvious  that  according  to  his  measure- 
ment tho  church  was  60  feet  long.  Now  the  church  is  still  intact, 
and  measures  65  feet  3  inches  in  length,  so  that,  making  the  cor- 
responding correction,   tho  space    between   the   mainland  and  the 
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Mount,  instead  of  1400  feet,  as  he  estimated,  would  be  1522  feet.  It  is 
idle,  however,  to  insist  on  even  a  near  approach  to  accuracy  in  his 
figures,  the  probability  being  that  at  most  he  only  "  stepped n  the 
interspace,  and  there  being  no  evidence  respecting  the  terminal  points 
of  the  distance  thus  roughly  measured.  Nevertheless,  the  statement 
is  sufficient  to  show  that  the  condition  of  the  Mount  is  now  essentially 
the  same  as  it  was  four  centuries  ago,  and  that  the  rate  of  waste  has 
been  almost  inappreciably  slow. 

Bishop  Lacy,  on  August  10,  1425,  "considering  the  great  losses 
of  vessels  and  of  lives  during  the  storms  in  Mount's  Bay,  encouraged 
the  faithful  to  complete  the  stone  causeway  between  Marazion  and  St. 
Michael's  Mount ;"  whence  it  appears  that  the  Mount  harbour  was 
then  the  only  one  in  tho  bay,  that  a  considerable  trade  was  carried  on 
there,  that  the  condition  of  the  Mount  was  as  fully  exposed  as  it  is  at 
present,  and  that  the  "  causeway,"  apparently  begun,  was  not  a  mere 
footpath  to  be  used  at  low  water,  but  was  intended  as  a  permanent 
protection  for  ships. 

The  earliest  passage,  however,  believed  to  be  descriptive  of  the 
Mount,  is  tho  famous  one  in  Diodorus  Siculus  (9  b.  a).  Having 
given  a  description  of  Britain,  that  author  says,  "  Now  we  shall  speak 
something  concerning  the  tin  that  is  dug  and  gotten  there.  They 
that  inhabit  the  British  promontory  of  Belerium  (Land's  End),  "  by 
reason  of  their  converse  with  merchants,  are  more  civilized  and 
courteous  to  strangers  than  the  rest  are.  These  are  the  people  that 
make  the  tin,  which,  with  a  great  deal  of  care  and  labour,  they  dig  out 
of  the  ground,  and  that  being  rocky,  the  metal  is  mixed  with  some 
veins  of  earth,  out  of  which  they  molt  the  metal,  and  then  refine  it ; 
then  they  cast  it  into  square  pieces  like  a  die,  and  carry  it  to  a  British 
isle  near  at  hand  called  Iktis ;  for  at  low  tide,  all  being  dry  between 
them  and  the  island,  they  convey  over  in  carts  an  abundance  of  tin  in 
tho  meantime.  (There  is  one  thing  peculiar  to  those  islands  which 
lie  between  Britain  and  Europe,  for  at  full  sea  they  appear  to  be 
islands,  but  at  low  water  for  a  long  way  they  look  like  so  many 
peninsulas.)  Hence  the  merchants  transport  the  tin  they  buy  of  the 
inhabitants  to  Gaul ;  and  for  thirty  days'  journey  they  carry  it  in 
packs  on  horses'  backs  through  Gaul  to  the  mouth  of  the  river 
Khone." 

From  this  passage  it  may  be  inferred  that  the  account  was  copied 
from  a  description  by  some  one  who  had  visited  Britain ;  that  the 
Iktis  was  near  the  Land's  End ;  that  no  place  in  the  district  afforded 
superior  accommodation  and  shelter  for  maritime  trade ;  that  it  was 
adjacent  to  the  tin  country;  and  that  it  was  the  only  commercial 
station  in  Britain,  or  that  all  others  were  comparatively  recent.  To 
these  conclusions  it  may  be  added  that  the  Mount  answers  admirably 
in  every  respect  to  tho  description  of  the  Iktis  ;  that  besides  it  there 
is  no  island  which  can  be  supposed  to  have  been  the  spot  described 
by  the  historian  ;  and  that  the  geographical  changes  which  have  taken 
place  in  the  Land's  End  district  within  the  last  2000  years  have 
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been  scarcely  appreciable  or  enormously  great  according  aa  the  Mount 
is  or  is  not  the  Iktis. 

Notwithstanding  the  close  agreemont  between  them,  writers  are 
much  divided  impacting  their  identification.  It  is,  perhaps,  note- 
worthy, tint  those  who  are  conversant  with  the  geology  of  Cornwall 
admit  thu  sUuSB  nf  tliu  lEoont,  whilst  most  archaeologists  deny  them. 
The  sceptics,  raoroover,  are  much  divided  amiingst  themselves,  some 
advocating  the  pretensions  of  the  Isle  of  Wight  ;  others,  those  of  St. 
Nicholas  Island  in  Plymnuth  Sound  ;  the  Black  Bock  at  the  entrance 
of  Fnlniouth  Harbour,  which  is  submarine  from  about  half-flood  to 
half-ebb,  and  has  never  less  than  throe  fathoms  of  water  around  it ; 
or  the  Wolf  Bock,  about  8  miles  B.W.  of  the  nearest  land  in  Corn- 
wall, aud  which  is  covered  at  every  high  water. 

Setting  aside  nit  other  oonndentions,  it  seems  fatal  to  the  pre- 
tensions of  the  Isle  of  Wight,  St.  Nicholas  Island,  and  the  Black 
Rock,  that  they  are  immediately  adjacent  to  excellent  harbours,  of 
which  the  trailers  would  probably  have  availr.il  themselves  rather  than 
of  semi-iusulated  stations  near  them,  to  which  tin  could  have  been 
taken  in  carts  at  certain  states  of  the  tide  only. 

The  following  are  amongst  the  objections  which  havo  been  made 
to  thu  claims  of  the  Mount  :— 

1.  That  the  tidal  strand  is  too  limited  to  be  called  a  "long  way." 

2.  That  the  Mount  is  not  largo  enough  for  tho  trade  of  which  the 
Iktis  was  the  seat, 

3.  That  it  is  a  solitary  rock  of  the  kind,  whilst  Diodorus  speaka 
not  of  an  island,  but  of  islands. 

i.  That  in  the  Confessor's  Charter  it  is  described  as  near  the  sea, 
not  in  it. 

5.  That  in  Domesday  Book  it  is  stated  to  have  boon  much  larger 
than  it  is  now. 

G.  That,  according  to  its  ancient  British  name,  it  was  situated 
within  a  wood  since  the  British  language  was  first  spoken  in  Corn- 
wall. 

7.  That  several  early  authors  speak  of  a  great  loss  of  land  in  the 
district. 

8.  That  this  loss  is  confirmed  by  the  character  of  the  sea  bottom 
between  the  Land's  End  and  Seilly,  and  by  articles  which  have  boon 
recovered  thence. 

9.  That  it  is  also  confirmed  by  certain  family  traditions. 

These  objections  will  bo  considered  in  the  order  iu  which  they 

1.  "  Long"  and  "  short"  are  comparative  terms.  To  a  geographer 
accustomed  to  the  fix  Me  tides  of  tho  Mediterranean,  a  breadth  of  1080 
feet  left  dry  at  low  water  would  uudouUrilly  appear  to  be  a  "  long  way." 

2.  It  was  not  the  ore,  but  the  smelted  tin  which  was  taken  to  the 
Iktis.  Unless  the  early  trade  in  this  metal  greatly  exceeded  that  in 
modern  times,  that  the  Mount  was  much  larger  than  was  required  for 
all  the  traffic  may  be  safely  inferred  from  the  following  statement, 
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made  in  1838  by  the  late  Mr.  Davis  Gilbert,  a  native  and  resident  of 
Cornwall,  and  sometime  President  of  the  Royal  Society : — "  At  the  foot 
of  the  Mount  a  small  pier  existed  from  a  time  probably  anterior  to  the 
monastery  itself ;  but,  in  the  early  part  of  the  last  century  a  lease  on 
lives  was  granted  to  Mr.  George  Blewett.  .  .  .  This  gentleman 
rebuilt  the  pier  on  a  very  enlarged  scale,  and  concentrated  here  almost 
the  whole  commerce  of  Penwith  hundred,  which  has  since  his  time 
gone  to  Penzance  and  Hayle." 

3.  The  Mount  is  by  no  means  a  solitary  rock  of  its  kind.  Within 
seventy  miles  east  of  it,  there  are  certainly  four  that  actually  are,  or 
probably  were  within  the  last  1900  years,  precisely  similar  though 
slightly  larger  islands — Looe  Island,  St.  Nicholas  Island,  the  Mew- 
stone,  and  Borough  Island. 

4.  In  the  Confessor's  Charter  the  Mount  is  stated  to  be  "juxta  mare.9* 
This  is  usually  translated  near  the  sea,  but  it  would,  perhaps,  be  more 
correctly  rendered  next,  or,  as  Dr.  Barham  observes,  by  the  sea,  when, 
in  either  case,  it  would  be  a  correct  description  of  the  present  position 
of  the  spot. 

5.  In  Domesday  Book  (1086),  "  The  Land  of  St.  Michael"  in 
"  Cornvalge  "  is  stated  at  "  two  hides  " — supposed  to  be  not  less  than 
240  acres.  At  present  the  Mount  measures  about  seven  acres  only, 
and  it  could  have  been  but  very  little,  if  at  all  larger,  in  William  of 
Worcester's  time.  There  aro,  however,  at  least  four  St.  Michaels  in 
Cornwall,  and  it  is  assumed  rather  than  proved  that  the  St.  Michael  of 
the  Survey  is  the  Mount.  But  waiving  this  point,  it  is  not  the 
acreage  of  the  immediate  vicinage,  but  the  property  of  the  Churchy 
wherever  situated,  which  is  described. 

G.  It  is  frequently  asserted  that  Florence  of  Worcester,  who  died  in 
1188,  mentioned  the  Mount  under  an  old  British  name  which  signifies 
that  the  spot  itself  was  formerly  in  a  wood.  This  is  incorrect,  as 
Florence  does  not  once  allude  to  the  Mount.  The  error,  no  doubt, 
arose  from  confounding  Florence  with  William  of  Worcester,  who 
lived  fully  350  years  later.  The  alleged  British  name,  which  appears 
to  have  been  first  mentioned  by  Carew  in  1602,  assumes  so  many 
forms,  and  there  is  so  much  uncertainty  about  its  exact  import,  as  to 
render  it  improbable  that  it  is  of  any  value  as  evidence.  But  accept- 
ing the  prevalent  translation — "the  hoar  rock  in  the  wood" — three 
different  explanations  have  been  suggested.  First,  that  the  name  was 
given  by  a  people  who  spoke  British,  and  who  wcro  contemporaries  of 
the  wood  which  surrounded  the  Mount.  There  is  no  doubt  that  man 
existed  in  south-western  England  when  the  forests,  now  submerged, 
were  sub-aerial,  and  within  one  of  which  the  Mount  must  have  stood ; 
— his  tools  havo  been  found  in  these  forests,  and  also  in  the  more 
ancient  cavern  deposits.  But  to  suppose  the  name  to  be  older  than 
the  subsidence,  is  to  suppose  the  British  language  coeval  with  the 
mammoth,  whose  remains  have  been  found  in  the  forests,  but  not  in 
the  lake-dwellings  of  Switzerland  or  the  kitchen-middens  of  Denmark, 
and  which,  so  far  as  is  at  present  known,  did  not  outlive  the  Age  of 
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Bronze,— an  antiquity  so  groat  as  to  render  it  eminently  improbable 
that  any  philologer  could  now  give  a  trustworthy  translation  of  a 
language  tben  spoken  in  this  country. 

The  second  suggestion  is  that  the  name  was  not  contemporary  with 
tiie  submerged  woods,  but  was  given  whilst  the  British  language  was 
spoken,  in  consequence  of  trees  which  grew  on  the  Mount  itself  in  its 
present  condition  ;  or  because  the  Maraziou  plain  and  adjacent  low- 
lands were  formerly  well  wooded,  when  the  Mount,  seen  from  the  sea, 
or  from  the  opposite  side  of  the  bay,  would  appear  to  be  in  a  wood. 
It  has  also  been  suggested  that  the  "  hoar  rock"  was  originally  not 
the  Mount  itself,  but  a  wood-surrounded  reeky  cairn  on  it.  and  that  the 
name  first  given  to  a  part  was  ultimately  applied  to  the  whole. 
Amongst  the  objections  to  each  of  these  guesses  there  is  the  fatal  one, 
that,  so  far  as  is  known,  the  idea  of  loss  of  area  is  older  than  the  name. 
As  has  been  stated,  the  hitter  is  first  mentioned  by  Corew  in  1602, 
whilst  William  of  Worcester,  more  than  a  century  before,  speaking  of 
tin'  Mount,  terms  it  "  Monte  Tiunba  antea  vocata  le  Hore  rok  in  the 
teodd  ;"  and  that  ho  understood  it  to  imply  a  loss  of  area  is  evident 
from  his  subsequent  statement  that  the  Mount  was  ''originally  inclosed 
with  a  very  thick  wood,  distant  from  the  ocean  bu  miles,  affording  the 
tiucst  shelter  for  wild  beasts."  It  is  obvious  that  this  description  can 
apply  only  to  times  anterior  not  only  to  the  fifteenth,  but  to  the 
eleventh  century  ;  for,  whatever  may  bo  the  exact  import  of  the  phrase, 
the  Mount  was  "juxla  mare'  in  1041.  The  era  of  the  topography  which 
William  described,  but  of  which  he  records  no  evidence,  was  separated 
from  his  day  by  an  interval  of  time  wider  than  that  which  divides  him 
from  us.  Lckud  (1533  to  '40)  says,  "  Thor  hath  been  much  Land 
devonrid  betwixt  Pemawlet  and  Momehole.  Ther  is  au  old  Legend 
.  .  .  .  aTounletin  this  Part  (now  defaced  and)  lying  under  the 
Water."  He  subsequently  states  that,  "  In  tho  Bay  betwyxt  the  Mount 
and  Pemantg  bo  found  nerc  tho  lowe  Water  inarke  Bootes  of  Treoe  yn 
dyvers  Places,  as  a  token  of  the  Groundo  wasted,"  and  thus  furnishes 
the  earliest  known  mention  of  tho  submerged  forest,  as  well  as 
of  evidence  of  loss  of  area.  Carcw  (1002)  having  stated  that  the  Mount 
is  termed  by  "  the  Coi-nishmen  Cava  Couz  in  Clow  sic,  that  is  tho  hoar 
liock  in  the  Wood,"  adds,  in  a  note,  "  Tradition  tells  us  that  in  former 
ages  the  Mount  was  part  of  the  insular  continent  in  Britain,  and  dis- 
joined from  it  by  an  inundation  or  encroachment  of  the  sea,  some 
earthquake  or  terrestrial  concussion.  To  prove  this  opinion,  tho 
country  people  tell  us  that  oak  trees  have   been  found   under  the 

The  third  explanation  of  tho  alleged  British  name  is  suggested  by 
a  consideration  of  the  foregoing  quotations. 

There  is  first  a  tradition  of  a  loss  of  area  which  took  place  at  least 
five  centuries  previously.  Seventy  yean  later  the  tradition  or,  as  tho 
recorder  calls  it,  the  "  old  legend"  is  repeated,  and  with  it,  and  as  a 
proof  of  its  truth,  the  earliest  mention  of  a  submerged  forest.   Seventy 
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terms  as  to  prove  the  cause  unknown  and  the  fact  unrecorded,  and, 
from  materials  derived  from  a  language  hastening  to  extinction,  then 
is  somewhat  clumsily  manufacturod  a  name  supposed  to  express  the 
early  topography.  At  low  tide  tho  remains  of  a  forest  were  seen  on 
the  strand,  in  a  condition  which  proved  that  the  trees  were  in  «<*,  and 
that  there  had  been  a  subsidence.  To  the  minds  eye  the  area  was  re- 
elevated,  the  Mount  became  surrounded  with  trees  =  a  **  hoar  rock  in 
a  wood  "  =s  "  Carreg  Luz  en  Kuz." 

7.  To  his  other  statements,  William  of  Worcester  adds,  but  gives 
no  evidence,  that  thoro  were  "  140  parish  churches  submerged  between 
the  Mount  and  Scilly."  Were  this  assertion  accepted  it  would  follow 
that  after  Cornwall  was  christianized  (not  earlier  than  the  fifth  century) 
and  divided  into  parishes,  but  prior  to  the  Confessor's  Charter,  there 
had  been  lost  140  parishes,  having,  according  to  the  existing  average 
in  the  adjacent  hundred  of  Penwith,  an  aggregate  area  of  830  square 
miles,  or  twice  that  required  to  fill  the  space  between  the  Cornish 
coast  and  a  lino  joining  the  Lizard  with  Scilly.  A  loss  so  enormous 
that  it  is  impossible  to  believe  that  the  monkish  chroniclers,  laboriously 
minute  as  they  were,  especially  in  all  things  affecting  the  Church, 
would  have  omitted  to  record  it,  happening,  as  it  must,  within  or  near 
their  own  times. 

8.  Carew,  in  proof  of  this  subsidence  between  the  Land's  End  and 
Scilly,  states  that  "  this  space  carrieth  continually  an  equal  depth  of 
forty  or  sixty  fathoms  (a  thing  not  usual  in  the  sea's  proper  dominions),1* 
and  that  "  fishermen  also  casting  their  hooks  thereabouts,  have  drawn 
up  pieces  of  doors  and  windows."  It  is  not  easy  to  see  the  force  of 
tho  first  statement ;  moreover,  it  exceeds  the  truth,  the  depth  being 
from  thirty  to  forty  fathoms.  It  would  be  awkward,  however,  to  accept 
this  proof,  as  it  would  prove  also  that  prior  to  the  submergence  there 
could  have  been  no  English  Channel.  The  second  statement  could 
only  be  entertained  by  ono  who  had  never  reflected  on  the  power  of  the 
Atlantic  waves. 

9.  The  legends  and  crests  of  the  families  of  Trovillian  and  Vyvyan 
are  also  cited  to  prove  the  subsidence.  The  Herald's  Office  is  a  some- 
what novel  court  for  the  settlement  of  a  question  in  physical  science. 

Of  those  who  believe  in  the  comparatively  recent  insulation  of  the 
Mount,  a  few  ascribe  it  to  encroachment  of  the  sea  without  change  of 
level ;  but  the  great  majority  contend  for  a  general  subsidence.  As 
may  be  expected,  the  latter  differ  as  to  the  date  of  the  event.  The  late 
Dr.  Borlaso  (175G)  favoured  the  end  of  March,  a.d.  830,  when,  as  the 
Irish  annals  say,  an  inundation  happened  on  the  west  coast  of  Cork, 
but  which  is  not  recorded  to  have  visited  any  other  locality.  Others 
prefer  the  very  destructive  "  great  soa  flood  "  which,  according  to  the 
Saxon  Chronicler,  Florence  of  Worcester,  and  William  of  Malmesbury, 
occurred  in  1014,  on  Michaelmas  eve,  or  near  the  equinox.  The  preva- 
lent opinion,  however,  strongly  inclines  to  "  a  very  high  tide  men- 
tioned by  the  same  three  historians  as  happening  on  St.  Martin's  day, 
1099.  Malmesbury  speaks  of  it  as  very  destructive  on  the  banks  of  the 
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Thames  ;  the  other  authors  speak  of  the  great  injury  it  wrought,  but 
there  is  no  evidence  of  its  extending  beyond  the  Thames.  The 
Chronicler  says,  "  The  same  day  was  the  first  of  the  new  moon ;  "  hence 
it  has  been  remarked  that  it  was  not  the  highest  spring  tide,  and  that, 
being  in  November,  it  was  not  near  the  equinox.  One  of  the  highest 
tides,  however,  which,  during  the  present  century,  have  visited  the 
south-west  of  England,  occurred  on  the  26th  October,  1859,  the  day  of 
new  moon. 

It  does  not  fall  within  the  scope  of  the  present  discourse  to  enter 
on  a  consideration  of  such  questions  as  "  Did  the  Phoenicians  ever 
carry  on  trade  with  Cornwall  by  way  of  the  Straits  of  Gibraltar  ?" 
"  Where  were  the  Cassiterides  ?"  "  Was  tin  ever  wrought  in  Scilly  ?" 
or  "  Was  the  tin  taken  from  Cornwall  to  the  continent  directly,  or 
coastwise  to  the  Isle  of  Wight,  or  some  other  near  point?"  With 
reference  to  the  last,  however,  it  may  be  remarked,  in  passing,  that  a 
block  of  tin  which,  answering  well  to  the  description  by  Diodorus, 
was  dredged  up  near  Falmouth  harbour  upwards  of  forty  years  ago, 
appears  to  suggest  that  the  route  was,  at  least,  occasionally  coastwise. 

In  conclusion,  and  by  way  of  recapitulation :  St.  Michael's  Mount 
has  undergone  no  important  change  during  the  last  four  centuries ; 
there  is  no  sufficient  evidence  that  it  has  done  so  since  the  Christian 
era ;  those  whose  habit  and  interest  it  was  to  record  such  an  occurrence 
are  silent  on  the  question ;  it  affords  the  requisite  shelter,  and  is 
abundantly  large  enough  for  the  storage  and  shipment  of  the  early 
Cornish  tin,  and  for  the  traffic  consequent  thereon;  it  possesses  all 
the  characters,  and  occupies  the  position  of  the  Iktis  of  Diodorus, 
and  no  other  existing  island  has  any  claim  to  this  distinction ;  nineteen 
centuries  ago  it  possessed  a  safe  harbour,  so  that  its  insulation  must 
have  been  effected  long  before ;  it  was  at  one  time  unquestionably  a 
"  hoar  rock  in  a  wood,"  but  in  all  probability  it  had  ceased  to  be  so 
long  before  any  language  now  known  to  scholars  was  spoken  in  the 
district  Prior  to  its  insulation,  was  the  era  of  the  growth  of  the 
forests  now  submerged  along  our  entire  sea-bord.  Before  this,  again, 
was  the  period  of  the  deposition  of  the  blue  clay — the  forest  soil : 
earlier  still,  was  the  epoch  of  the  excavation  or  re-excavation  of  the 
valleys,  in  whose  bounding  hills  are  the  caverns  of  South  Devon ;  and 
when,  still  farther  into  the  past,  the  bottoms  of  the  valleys  were  at 
least  100  feet  above  their  present  level,  the  red  loam  was  carried  into 
the  caverns,  and  there  were  also  introduced  evidences  of  contemporary 
men.  Great  as  is  the  age  of  these  cavern  deposits,  it  does  not  exceed 
the  antiquity  of  man  in  Devonshire,  and  hence,  in  all  probability,  it  falls 
far  short  of  the  antiquity  of  num. 

[W.  P.j 
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WEEKLY  EVENING  MEETING, 
Friday,  April  12,  1867. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President,  in  the 

Chair. 

Balfour  Stewart,  Esq.   LL.D.  F.R.S. 

DIRECTOR  OF  THE  XKW  OBflXRVATORT. 

On  the  Sun  as  a    Variable  Star, 

The  man  of  science  who  would  extend  his  inquiries  into  the  remoter 
regions  of  the  universe  is  besot  from  the  first,  with  the  following 
difficulty. 

How  is  he  to  know  that  the  laws  with  which  he  is  here  familiar 
hold  in  those  distant  regions  ? 

Now,  without  attempting  to  discuss  the  origin  of  our  beliefs,  it 
may  be  inferred  that  the  some  principle  which  induces  us  to  think 
that  tho  laws  of  light  which  were  proved  to  be  truo  to-day  will  hold 
truo  to-morrow,  induces  us  likewise  to  believe  that  what  is  proved  to 
be  true  here  will  hold  elsewhere. 

But  while  wo  arc  all,  without  exception,  led  by  an  innate  belief  in 
unity  of  design  to  attribute  the  samo  fundamental  laws  to  different 
regions  of  the  universe,  it  is  only  lately  that  we  have  been  informed 
of  a  similarity  or  rather  identity  which  we  had  no  previous  reason  to 
expect. 

Spectrum  analysis,  that  very  powerful  and  searching  method  of  in- 
vestigation, while  it  informs  us  of  great  varieties  in  the  molecular  con- 
stitution of  different  regions  of  the  universe,  seems  to  proclaim  the  fact 
that  the  elemental  forms  of  matter  are  greatly  the  same  throughout, 
and  that  familiar  substances,  sucli  as  sodium,  magnesium,  and  iron, 
with  which  we  are  here  so  well  acquainted,  form  also  the  staples  of 
other  worlds. 

A  study  of  binary  stars  has  likewise  shown  that  the  law  of  gravi- 
tation is  not  the  peculiar  attribute  of  our  solar  system,  and  we  may 
entertain  tho  hope  that  as  our  knowledge  extendi  the  appearance  of 
resemblance  between  ourselves  and  distant  regions  will  extend  along 
with  it 

In  fine,  there  can  bo  little  doubt  that  wo  are  to-day  in  a  position 
to  argue  with  more  confidence  regarding  these  regions  than  we  were 
fifty  years  ago,  and  that  we  may  assume  that  tho  laws  of  heat  and  light 
are  the  same  throughout  tho  universe.  If  this  principle  be  allowed, 
the  discussion  of  the  varying  brightness  of  certain  stars,  and  it  may 
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be  of  our  own  sun,  is  one  which  we  can  approach  with  great  hope- 
fulness. 

Indeed,  we  are  now  by  means  of  this  principle  enabled  to  limit 
the  number  of  the  immediate  causes  of  this  change  of  light,  and  to 
say  the  change  must  be  due  to  one  or  other  of  these  causes.  Now, 
when  these  various  causes  are  examined  ono  by  one  there  is  a  tendency 
in  the  mind  to  reject  certain  of  these  and  to  prefer  others,  apart 
altogether  from  the  results  of  observation ;  and  this  is  one  of  those 
tendencies  which,  if  it  is  indulged  in  with  distrust,  ought  not  to  be 
wholly  discarded. 

But,  while  attempting  to  exhibit  this  evening  this  method  of  selec- 
tion, and  to  hit  upon  the  most  probable  cause  of  variable  luminosity, 
it  becomes  us  all,  as  disciples  of  the  school  of  Bacon,  to  see  what 
observation  has  to  say  to  our  selection ;  does  this  ultimate  court  of 
appeal  confirm  our  conclusions  or  does  it  not  ? 

[The  phenomena  presented  by  variable  stars  were  then  described ; 
and  it  was  next  argued,  from  the  ten-yearly  period  of  sun-spots  that 
our  own  luminary  is  a  variable  star.  The  photographs  of  sun-spots 
were  also  exhibited  on  a  screen  by  aid  of  the  electric  light.] 

Let  us  now  proceed  to  the  subject  of  the  diminution  of  light  which 
characterizes  variable  stars,  and  according  to  the  principles  already 
stated,  see  what  such  a  diminution  most  probably  implies.  Two  cases 
may  be  discussed  under  this  head,  according  as  the  temperature  may 
be  supposed  to  remain  constant  or  to  change.  First, — If  the  tempera- 
ture remains  constant,  then  a  change  of  light  implies  a  change  of  the 
surface  or  of  the  state  of  the  heated  body.  This  was  illustrated  by 
two  simple  experiments.  In  the  first  of  these  a  ball  of  iron  marked 
with  chalk,  and  a  piece  of  porcelain  of  a  black  and  white  pattern,  both 
heated  to  redness,  were  viewed  in  the  dark,  and  the  white  of  both  was 
found  to  be  less  luminous  than  the  black,  thereby  proving  that  change 
of  the  reflecting  power  of  the  surface  produces  change  of  luminosity, 
even  although  the  temperature  be  the  same.  In  the  second  experi- 
ment it  was  shown,  by  means  of  the  oxyhydrogen  flame  viewed  by 
itself  and  then  directed  against  a  piece  of  lime,  that  a  solid  substance 
gives  out  much  more  heat  and  light  than  a  gas  at  the  same  tempera- 
ture, and  thus  that  a  change  of  state  may  be  expected  to  produce  a 
change  of  luminosity. 

If,  therefore,  a  solid  or  liquid  substance  change  suddenly  from  a 
black  to  a  white  or  reflecting  surface,  or  if  it  become  gaseous,  it  will 
decrease  in  luminosity. 

It  was  then  argued  that  we  cannot  readily  suppose  the  variable 
luminosity  of  certain  stars  to  be  caused  by  a  periodical  change  of 
surface  from  white  to  black  and  vice  versa. 

On  the  other  hand,  if  we  assume  (as  is  most  probable)  that  the 
photosphere  of  a  star  consists  of  incandescent,  detached  particles 
similar  to  a  cloud,  we  may  well  imagine  this  cloud-surface  to  contract 
or  expand  in  the  atmosphere  of  the  star,  so  as  to  present  a  variable 
area  to  a  distant  observer.   Mr.  De  la  Rue  and  some  others,  including 
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the  speaker,  entertain  a  suspicion  that  something  of  this  kind  may 
possibly  take  place  with  regard  to  our  son,  although  to  a  very  small 
extent ;  but  this  is  not  proved.  In  the  meantime,  suffice  it  to  say,  such 
an  explanation  will  not  account  for  a  variability  analogous  to  sun- 
spots  ;  and  to  account  for  these  and  similar  phenomena,  we  must  look 
for  some  other  explanation.  We  may  therefore  take  it  for  granted 
that  a  change  of  surface  or  of  state,  without  a  change  of  temperature, 
will  not  account  for  the  phenomena  of  variability,  in  as  far  as  these  an 
similar  to  sun-spots. 

A  chango  of  luminosity  may,  however,  take  place  in  another  way, 
even  while  the  temperature  of  the  hot  body  remains  constant.  It  maj 
be  caused  by  the  interposition  of  a  cold  absorbing  screen  between  the 
source  of  light  and  the  observer. 

Under  this  head  may  be  ranked  one  hypothesis  regarding  stellar 
variability,  which  supposed  the  decrease  of  luminosity  to  be  caused  by 
a  dark  body  of  great  size  coming  between  the  star  and  our  earth. 
The  probability  of  such  a  body  being  in  an  exact  line  between  the  star 
and  the  earth  is,  however,  very  small ;  and  as  our  system  is  supposed 
to  move  in  space,  we  should  soon  escape  its  interference,  unless  its  size 
was  supposed  to  be  enormously  large.  This  is  not  likely ;  and  if 
stellar  variability  is  caused  by  such  a  screen,  the  screen  must  be  sup- 
posed to  lie  close  to  the  star — in  fact,  to  be  connected  with  the  star 
itself,  and  to  form  part  of  the  atmosphere  of  the  star. 

The  second  case  of  varying  luminosity  is  that  in  which  the  tem- 
perature may  be  supposed  to  change ;  and  here  evidently  a  decrease 
of  luminosity  implies  a  decrease  of  temperature. 

If  we  imagine  that  stellar  variability  is  caused  by  a  decrease  of  tem- 
perature, we  are  led  to  contemplate  two  possible  causes  of  this  decrease. 

In  the  first  place,  there  may  be  supposed  to  be  some  chemical  or 
molecular  change  periodically  recurring,  which  produces  a  marked 
decrease  of  temperature.  Evaporation  on  an  extensive  scale  might 
account  for  it ;  but  the  same  objection  applies  here  as  before,  when  we 
considered  change  of  surface. 

We  have  'not  the  shadow  of  a  proof  that  such  processes  are 
periodically  going  on  in  the  sun  or  any  star  ;  and  we  do  not  get  rid  of 
our  burden  by  this  means,  but  merely,  as  it  were,  shift  it  from  one 
shoulder  to  another. 

Now,  if  we  do  not  readily  admit  that  the  supposed  fall  of  tempera- 
ture is  produced  by  some  such  process,  we  can  only  account  for  it  by 
the  redistribution  of  somo  previously  existing  comparatively  cold 
matter ;  and  this  comparatively  cold  matter  must  be  either  on  one  side, 
under,  or  above  (by  under  is  meant  nearer  the  centre). 

It  has  been  supposed  by  some  that  this  cold  matter  might  be  to  one 
side ;  that,  in  fact,  a  star  might  have  one  hemisphere  cold  and  the  other 
hot :  so  that,  if  it  revolved  round  an  axis,  the  effect  produced  on  a 
distant  spectator  would  be  that  of  a  varying  brightness.  The  difficulty 
in  this  idea  is  two-fold.  In  the  first  place,  we  cannot  easily  conceive 
such  an  extremely  artificial  distribution  of  heat ;  and  even  if  this 
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could  be  conceived,  we  could  not  imagine  that  it  would  be  a  permanent 
one.     This,  therefore,  is  an  unlikely  hypothesis. 

Next,  the  idea  has  been  entertained  that  the  comparatively  cold 
matter  whose  re-distribution  we  are  at  present  supposing,  exists  below, 
or  nearer  the  centre  of  a  sun  or  star  than  its  luminous  envelope ;  and 
the  fact  that  sun-spots  appear  to  be  depressions,  has  given  countenance 
to  this  idea ;  but  if  we  imagine  that  the  sun  or  star  has  been  for  a 
very  long  period  of  time  surrounded  by  this  luminous  envelope,  we 
shall  have  great  difficulty  in  imagining  the  interior  to  be  colder  than 
it.  As  far  as  we  can  judge  from  terrestrial  experiments,  a  body 
surrounded  with  a  heated  envelope,  such  as  that  of  the  sun,  will 
ultimately  have  in  all  its  parts  the  temperature  of  this  envelope.  We 
cannot,  therefore,  readily  assent  to  this  hypothesis,  although  it  might 
add  the  sun  and  stars  to  the  list  of  habitable  worlds. 

Now,  if  the  colder  matter,  whose  re-distribution  we  are  supposing, 
come  neither  from  one  side  nor  from  below,  it  must  come  from  above ; 
that  is  to  say,  above  the  luminous  envelope  of  the  sun  and  stars  we 
must  have  colder  matter. 

Thus  we  see  that  if  we  consider  the  decrease  of  luminosity  to  be 
due  to  the  presence,  between  the  source  of  light  and  the  observer,  of 
a  comparatively  cold,  absorbing  body,  we  are  driven  to  an  atmosphere  ; 
and  if  wo  consider  the  decrease  of  luminosity  to  be  due  to  a  decrease 
of  temperature,  we  are  still  driven  to  look  to  an  atmosphere  as  the 
immediate  cause. 

We  must  now  bring  our  results  to  the  test  of  observation,  and  ask : 
What  reason  have  wo,  in  the  first  place,  for  assuming  the  existence  of 
solar  and  stellar  atmospheres  ?  and  in  the  second,  What  reason  have 
we  for  supposing  the  decrease  of  luminosity  to  be  immediately  caused 
by  an  increased  action  of  this  atmosphere  ?  Now,  in  the  sun  we  have 
various  proofs  of  the  existence  of  a  comparatively  cold,  absorbing 
atmosphere  above  the  luminous  envelope. 

(1.)  The  existence  of  dark  lines  in  the  spectra  of  the  sun  and 
certain  stars  denotes  the  existence  in  these  bodies  of  a  com- 
paratively cold,  absorbing  atmosphere  above  the  luminous 
envelope. 
(2.)  The  existence  of  such  an  atmosphere  surrounding  our  own 
luminary  is  indicated  by  the  fact  that  the  sun's  limb  is  less 
bright  than  his  centre ;  this  effect  being,  no  doubt,  caused  by 
an  absorbing  atmosphere,  and  being  greatest  round  the  edge, 
for  the  same  reason  that  any  similar  effect  of  our  own  at- 
mosphere is  greatest  near  the  horizon. 
(3.)  Finally,  the  presence  of  a  solar  atmosphere  extending  as  far 
as  72,000  miles  above  the  bright  surface,  is  indicated  by 
the  presence  of  those  red  flames  which  occur  during  a  total 
eclipse  of  the  sun.  These  red  flames  have  been  proved  by 
Mr.  De  la  Bue  to  belong  to  our  luminary,  while,  from  the 
nature  of  the  light  which  they  emit,  we  may  infer  (although 
this  is  not  yet  proved)  that  the  heated  matter  is  gaseous. 
Vol.  V.    (No.  46,)  m 
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We  now  como  to  consider  what  observational  evidence  there  it 
that  the  changes  of  luminosity  in  the  sun's  disc  are  due  to  the  effects 
cooling,  absorbing,  or  both  together,  of  a  greater  or  leas  stratum  of 
atmosphore. 

In  the  first  place  (nnder  this  head),  there  is  abundant  evidence 
that  the  luminous  surface  of  the  sun  does  not  consist  of  one  uniform 
mass  of  incandescent,  solid,  or  liquid  matter,  it  is  neither  land  nor 
ocean,  but  it  is  a  cloud.  The  proof  of  this  assertion  is  derived  from 
the  behaviour  of  certain  bright  patches,  or  faculao,  as  they  are  called, 
which  appear  near  the  sun's  border,  and  gcnorally  accompany  a  spot 
or  dark  patch.  The  brightness,  when  near  the  border  of  these  faculs, 
denotes  that  they  have  escaped,  in  a  great  measure,  the  absorbing  in- 
fluence of  the  solar  atmosphere,  which  influence  is  very  strong  near 
the  border  ;  in  other  words,  they  are  elevated  above  a  great  portion  of 
this  atmosphere,  and  as  they  remain  suspended  for  some  time,  they 
cannot  be  heavy  matter.  Indeed,  masses  of  luminous  matter  have 
been  known  to  sail  across  a  spot  evidently  above  it,  and  leaving  it 
afterwards  quite  undisturbed. 

Now,  if  we  imagine  the  bright  surface  of  the  sun  to  be  a  cloud 
surface,  or  Burface  of  condensation  of  small  particles  in  contradistinc- 
tion to  a  solid  or  liquid  heavy  surface,  we  at  once,  by  such  an 
hypothesis,  greatly  increase  the  freedom  of  action.  Such  a  boundary 
might  easily  be  depressed  by  the  accumulation  of  an  enormous  down- 
rush  of  cold  atmosphere,  or  it  might  be  raised  above  its  ordinary  level, 
and,  generally  speaking,  would  be  more  impressible  than  a  continuous 
solid  or  liquid  surface. 

Again,  if  we  view  a  spot  as  the  centre  of  a  disturbance  of  some 
kind,  it  is,  in  the  first  place,  worthy  of  remark  that  the  faonlso  or  bright 
portions  which  accompany  a  spot  for  the  most  part  fall  behind,  as  far 
as  rotation  is  concerned,  a  fact  which  has  been  shown  in  the  solar 
researches  of  Mossrs.  De  la  Rue,  Stewart,  and  Loowy.  Now,  this 
would  always  take  placo  in  the  case  of  a  body  carried  from  a  lower 
region  to  a  higher  one,  or  from  a  region  possessing  less  to  one  possess- 
ing greater  absolute  velocity  of  rotation.  We  are,  therefore,  induced 
to  suppose  that  faculsa  are  masses  which  have  been  carried  upwards 
from  the  area  of  disturbance,  and  have  thus  fallen  behind. 

So  much  for  the  up-rush  of  matter  or  the  ascending  current ;  and 
now,  it  may  be  asked,  have  we  any  evidence  that  a  spot  is  a  descending 
current? 

We  have  evidence  of  a  precisely  similar  character  to  that  we  have 
for  faculae,  and  we  are  entitled  to  conclude,  from  the  observations  of 
sun-spots  made  by  Carrington,  that  spots,  instead  of  falling  behind,  as 
far  as  rotation  is  concerned,  move  forward  as  if  they  had  come  from  a 
higher  region. 

Also  Lockyer,  one  of  our  sun-observers  in  this  country,  noticed  a 
piece  of  matter  in  the  very  act  of  moving  down.  It  was  first  of  all  as 
bright  as  the  facuhe,  then  it  became  like  the  ordinary  surface,  then  it 
grow  dark  like  the  spot  itself,  still  retaining  its  identity  of  form. 
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It  would  thus  appear  that  the  comparatively  cold,  absorbing  at- 
mosphere is  accumulated  above  the  area  occupied  by  a  spot,  while  the 
faculce  are  so  high  up  as  to  escape  its  influence ;  and  finally,  we  are 
led  to  conclude  that  all  the  variations  in  brightness  that  appear  on  the 
surface  of  our  luminary  are  due  to  the  presence,  to  a  greater  or  less 
extent,  of  a  comparatively  cold,  absorbing  atmosphere. 

We  thus  perceive  that  the  phenomena  of  variability,  as  far  as  these 
are  analogous  to  sun-spots,  are  due,  most  probably,  to  a  greater  or  less 
amount  of  a  comparatively  cold,  absorbing  atmosphere. 

A  down-rush  and  a  corresponding  up-rush  would  thus  appear  to 
be  the  immediate  cause  of  these  spots ;  yet  why,  it  may  be  asked, 
have  these  phenomena  a  periodicity?  Why  is  there  a  ten-yearly 
period  of  sun-spots  besides  other  probable  periods  ? 

At  the  same  time,  the  following  question  arises,  Why  are  sun- 
spots  confined  to  the  equatorial  regions  of  the  Bun,  which  are  also 
those  regions  which  border  upon  the  ecliptic  or  plane  of  the  planets' 
motion? 

Arguing  possibly  from  this  fact,  the  illustrious  Galileo  seems  to 
have  imagined  a  connection  between  sun-spots  and  planetary  con- 
figurations ;  but  he  did  not  publish  his  ideas,  probably  from  want  of 
evidence. 

In  order  to  obtain  as  much  information  as  possible  on  this  point, 
Messrs.  Do  la  Bue,  Stewart,  and  Loewy  have  measured  the  areas  of 
all  the  spots  in  Carrington's  original  pictures,  extending  from  the 
beginning  of  1854  to  the  end  of  1860,  and  the  result  deduced  from 
these  measurements  is  favourable  to  the  idea  of  a  connection  between 
the  behaviour  of  sun-spots  and  planetary  configurations. 

These  results  were  obtained  by  noticing  that  at  one  period  of  time 
all  the  spots,  as  a  rule,  increase  towards  the  centre  of  the  sun's  visible 
disc  as  they  pass  over  it  by  rotation,  while  at  another  period  they  all 
decrease  from  their  first  appearance,  or  perhaps  increase  from  their 
first  appearance.  Considering  the  earth  merely  as  the  point  of  view 
from  which  these  various  phenomena  are  observed,  we  have  to  ask, 
What  is  the  cause  of  this  peculiar  behaviour  of  sun-spots  ? 

It  evidently  must  refer  to  something  without  the  sun,  and  that 
something  is  not  so  Y&ry  difficult  to  find.  When  these  phenomena 
denoting  peculiarities  in  the  behaviour  of  sun-spots  are  attentively 
studied,  it  is  seen  that  every  twenty  months  the  same  behaviour  occurs 
again.  Couple  with  this  the  fact  that  every  twenty  months  the  planet 
Venus  returns  to  the  same  position  with  reference  to  the  earth,  and 
we  can  scarcely  help  attributing  some  predominating  influence  over 
the  behaviour  of  sun-spots  to  this  planet.  A  closer  analysis  of  the 
phenomena  observed  shows  us  that  this  is  the  case  ;  and  that  as  any 
portion  of  the  sun's  surface  retreats  by  rotation  from  the  neighbour- 
hood of  Venus,  the  spots  on  that  portion  have  a  tendency  to  increase, 
attaining  a  maximum  at  the  point  furthest  from  Venus.  Jupiter  has 
also  much  influence.  Now,  is  it  not  a  very  extraordinary  circumstance 
that   two  planets  which  are  never  so  near  the  sun  as  they  are  near 
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the  earth,  should  appear  to  cause  phenomena  of  the  vast  magnitude  of 
solar  spots  ? 

It  naturally  occurs  to  us  that  the  sun  must  be  in  a  most  sensitive 
molecular  state,  in  consequence  of  which  that  wonderful  mass 
experiences  great  changes  from  very  small  outward  influences. 
(Experiments  were  hero  made,  showing  examples  of  this  state.)  Pro- 
fessor Tait  and  the  speaker  have  conjectured  that  the  properties  of  a 
body,  especially  with  rcforenco  to  heat,  light,  and  electricity,  may  be 
influenced  by  the  neighbourhood  of  a  large  body.  An  influence  of 
this  kind  would  naturally  be  most  powerful  upon  a  body  such  as  the 
sun,  which  is  of  a  very  high  temperature,  just  as  a  poker  thrust  into 
a  hot  furnace  will  cause  a  greater  disturbance  of  heat  than  if  thrust 
into  a  chamber  very  little  hotter  than  itself. 

We  have,  moreover,  very  good  grounds  for  supposing  the  sun  to 
be  in  a  very  sensitive  molecular  state.  Wo  may  infer  from  certain 
experiments,  especially  those  of  Cagniard  De  la  Tour,  that  at  a  very 
high  temperature  and  under  a  very  great  pressure,  the  latent  heat  of 
vaporization  is  very  small,  so  that  a  comparatively  small  increase  of 
heat  will  cause  a  considerable  mass  of  liquid  to  assume  the  gaseous 
form,  and  vice  versd. 

We  might  thus  suppose  that  an  extremely  small  withdrawal  of 
heat  from  the  sun  might  cause  a  copious  condensation,  and  this 
change  of  molecular  state  would,  through  the  alteration  of  reflection, 
&c,  alter,  to  a  great  extent,  the  distribution  over  the  various  particles 
of  the  sun's  surface  of  an  enormous  quantity  of  heat. 

Again,  convection  is  very  strong  in  the  sun,  since  the  force  of 
gravity  is  very  strong,  so  that  great  mechanical  changes  might  very 
easily  result 
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Sib  Hjenby  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Visitors  for  the  year 
1866  was  read  and  adopted. 

The  Books  and  Famphlots  presented  in  1866  amounted  to  130 
volumes,  making,  with  those  purchased  by  the  Managers,  a  total  of 
407  volumes  added  to  the  Library  in  the  Year. 

Thirty-eight  new  Members  were  elected  in  1866. 
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Professor  Blackie  on  the  Music  of  Speech,  fyc. 
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Sixty-three  Lectures  and  Twenty  Evening  Discourses  were  delivered 
daring  the  year  1866; 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managersjand  'Visitors,  and  to  Professor  Faraday, 
and  the  other  Professors,  for  their  services  to  the  Institution  during 
the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers  for 
the  ensuing  year : — 

President— Sir  Henry  Holland,  Bart.  M.D.^D.C.L.  F.B.S. 
Treasures — William  Spottiswoode,  Esq.  M.A.  F.R.S. 
Secretary — Henry  Bence  Jones,  M.A.  M.D.  F.B.S. 

Managers. 


Henry  Wollaston  Blake,  Esq.  M.A.  F.R.S. 
George  Busk,  Esq.  F.R.C.S.  F.R.S. 
Right  Hon.  Edward  Cardwell,  M.P. 
Right  Hon.  the  Viscount  Cranborne,  M.P. 
Warren   De  la  Rue,   Esq.   Ph.D.   F.R.S. 

Pres.  Chem.  Soc 
Ri^ht  Hon.  Sir  Williant  Erie,  D.C.L.  F.&S. 
John  Peter  Gassiot,  Esq.  F.R.S. 
John  Hall  Gladstone,  Esq.  Ph.D.  F.R.S. 


Caesar  H.  Hawkins,  Esq.  F.RA 
John  Carrick  Moore,  Esq.  M.A.  F.R.S. 
Sir   Roderick   I.  Murchison,  Bart.  K.C.B. 

D.C.L.  F.RA 
Right  Hon.  the  Earl  Percy,  LL.D. 
William  Pole,  Esq.  M.A.  F.R.S. 
William  Frederick  Pollock,  Esq.  M.A. 
Colonel  Philip  James  Yorke,  F.R.S. 


Visitors. 


Charles  Beevor,  Esq.  F.R.OS. 

John  Ashton  Bostock,  Esq. 

John  Charles  Burgojne,  Esq. 

George  Frederick  Chambers,  Esq. 

Samuel  Gaskell,  Esq. 

Rev.  G.  Godwin  Pownall  Glossop,  A.M. 

Thomas  Williams  Helps,  Esq.  M.A. 

William  Charles  Henry,  M.D.  F.RJS.  F.G.S. 


Thomas  Hyde  Hills,  Esq. 
William  Edward  Kilburn,  Esq. 
Edward  Henry  Moscrop,  Esq. 
Arthur  Giles  Puller,  Esq. 
Edward  Owen  Tudor,  Esq.  FJS  A. 
Henry  Twining,  Esq. 
Henry  Vaughan,  Esq. 


WEEKLY  EVENING  MEETING, 

Friday,  May  8,  1867. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

John  Stuart  Blackib,  F.B.S.E. 

PROraSOB  OF  ORIXK  IK  TEDS  USlVEJtSlTT  OF  XDIHBUIOB. 

On  the  Music  of  Speech  in  the  Greek  and  Latin  Languages. 

The  title  of  this  paper  indicates  a  subject  too  vast  for  the  compass  of 
a  single  discourse.  What  I  intend  to  confine  myself  to  on  the  present 
occasion,  is  to  show  in  a  few  propositions  that  the  system  of  pro- 
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nouncing  the  Greek  and  Latin  languages  to  which  the  southern  half 
of  the  island  of  Great  Britain  has  long  been  trained,  is  scientifically 
altogether  perverse  and  historically  quite  unwarranted,  and  that  it  mars 
the  music  of  the  most  harmonious  of  the  ancient  languages  to  a  degree 
quite  inconceivable  by  those  whose  ears  have  been  dulled  by  a  long 
course  of  arbitrary  and  barbarous  vocalization.  And  not  only  are 
some  of  the  finest  features  of  the  classic  tongues  thus  systematically 
defaced,  but  the  Englishman  is  put  at  an  unnatural  disadvantage  with 
all  foreigners,  not  only  as  concerns  the  ancient  languages,  but  likewise 
in  reference  to  the  spoken  tongues  of  Europe.  For  the  peculiar  habits 
of  English  vocalization  being  engrained  by  the  long  course  of  classical 
tuition  in  our  great  publio  schools  and  universities,  the  organs  of 
speech  often  acquire  a  rigidity  which  it  is  difficult  afterwards  to 
correct ;  and  an  artificial  barrier  is  raised  between  Latin  and  those 
Bomanesquo  languages  which  are  only  variations  of  that  tongue  with 
fundamentally  the  same  tone.  In  these  days  of  travelling  and  touring 
it  is  often  most  tantalizing  to  an  Englishman  to  find  that  his  Latin  is 
of  no  service  to  him  with  a  Hungarian  nobleman  or  an  Italian  priest, 
and  his  Oxonion  Greek  as  useless  in  Athens  as  it  would  be  in  Kam- 
schatka.  A  Scotsman,  on  the  other  hand,  whose  classical  training  is 
generally  inferior  to  that  of  an  English  scholar,  will  follow  a  Latin 
oration  by  a  Gottingen  or  Bonn  professor  without  difficulty.  The 
disadvantages  of  these  peculiarities  are  so  great,  that  with  a  practical 
people  like  the  English,  they  ought  to  be  allowed  the  greatest  weight, 
independently  altogether  of  tho  scientific  aspect  of  the  matter.  Ex- 
pressions of  opinion  on  this  point  have  been  put  forth  by  some  of  our 
most  distinguished  scholars  and  men  of  literary  eminence.  Tennyson, 
our  poet  laureate,  whose  practice  in  such  a  region  ought  to  constitute 
law,  never  reads  Virgil  with  any  other  vocalization  than  the  masculine 
and  sonorous  one,  which  belongs  to  the  recitation  of  the  Divina  Gomedia  ; 
and  Mr.  Gladstone,  in  vol.  i.  of  his  '  Homeric  Studies,'  p.  92,  has  the 
following  decided  declaration.  "  I  should  gladly  see  the  day  when, 
under  tho  authority  of  scholars,  improvement  might  be  effected  in  our 
solitary  and  barbarous  method  of  pronouncing  both  the  Greek  and  the 
Latin  languages.  In  this  one  respect  the  European  world  may  still 
with  justice  describe  the  English  as  "penitii8  toto  divisos  orbe 
Britanno8."  To  a  reform  in  this  method  I  can  see  nothing  that  is 
opposed,  unless  it  be  that  spirit  of  dogged  conservatism,  which,  while  in 
politics  it  may  be  sometimes  useful,  in  tho  region  of  scientific  research 
and  of  scholarly  practice,  is  simply  absurd.  A  convention  of  English, 
Scottish,  and  Irish  scholars  might  easily  bo  held  in  London  or  Oxford, 
which  could  lay  down  the  main  lines  of  necessary  remodelment  in  this 
domain,  after  a  few  hours'  consultation.  No  man  who  loves  the  truth, 
and  has  even  superficially  looked  into  the  sources  of  philological 
tradition,  can  doubt  for  a  moment  that  tho  peculiarities  which 
distinguish  tho  English  enunciation  of  Latin  and  Greek  are  arbitrary 
and  barbarous,  and  ought  to  be  abolished.  And  though  it  be  no  doubt 
true  that  tho  different  European  nations  have  interpolated  some  of  their 
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own  orthoepic  peculiarities  into  their  recitation  of  Latin  and  Greek,  it  is 
to  be  noted  that  these  peculiarities  affect  only  a  few  secondary  articu- 
lations ;  while  the  English  method  strikes  a  fundamentally  false  key- 
note, inverts  the  poles  of  vocalization,  and  substitutes  a  figment  for  a 
fact  in  some  of  the  most  important  elements  on  which  the  music  of  the 
classical  languages  depends. 

In  what  follows,  to  avoid  prolixity,  I  shall  confine  my  remarks 
principally  to  the  Greek  language;  but  the  scholar  will  have  no 
difficulty  in  perceiving  that  the  principles  of  my  method  apply  to 
Latin  as  broadly,  and  in  some  points  with  less  liability  of  contraven- 
tion, than  to  Greek. 

The  subject  of  the  music  of  speech  divides  itself  naturally  into 
three  great  sections : 

1.  Articulation  and  vocalization:  the  musical  value  and  signifi- 
cance of  the  vowels  and  consonants  of  which  spoken  language  is 
composed,  and  from  the  combination  of  which  words  are  made. 

2.  The  accent  or  intonation  of  words  in  utterance. 

3.  The  rhythm  or  measured  cadence  to  which  sentences  are  made 
subject,  in  poetical  composition  with  curious  care,  and  with  a  more 
arbitrary  sweep  of  harmony  in  prose. 

The  comparative  musical  excellence  of  a  language  depends  of 
course  on  the  completeness  and  richness  of  its  whole  elements  of 
utterance,  and  of  the  cunning  displayed  in  their  combination.  But 
for  my  present  purpose,  it  will  be  sufficient  to  notice  the  quality 
of  the  vowel  sounds,  on  which  the  sonorous  value  of  a  language 
mainly  depends.  Now  with  regard  to  the  pronunciation  of  the  Greek 
vowels  we  have  a  distinct  and  clear  utterance  of  a  rhetorician  of  the 
highest  authority,  which,  if  it  had  been  duly  weighed  by  English 
scholars,  would  long  ago  have  furnished  a  sure  basis  on  which  to  raise 
a  true  scale  of  vowel  variation  for  the  Greek  and  Latin  languages. 

In  the  fourteenth  chapter  of  his  well-known  treatise  *ep\  ovvOio-ean 
ovofxaTuiv,  Dionysius  of  Halicarnassns  writes  as  follows : — 

"  There  are  seven  vowels ;  two  long,  n  and  a/,  and  two  short! 
s  and  o  ;  three  both  long  and  short,  a,  *,  v.  All  these  are  pronounced 
by  the  wind-pipe  acting  on  the  breath,  while  the  mouth  remains  in 
its  simple  natural  state,  and  the  tongue  remaining  at  rest  takes  no 
part  in  the  utterance.  Now,  the  long  vowels,  and  those  which  may 
bo  either  long  or  short,  when  they  are  used  as  long  are  pronounced 
with  the  stream  of  breath  extended  and  continuous ;  but  the  short 
vowels,  and  those  used  as  short,  are  uttered  by  a  stroke  of  the  mouth 
cut  off  immediately  on  emission,  the  windpipe  exerting  its  power  only 
for  the  shortest  time.  Of  all  these,  the  most  agreeable  sounds  are 
produced  by  the  long  vowels,  and  those  which  are  used  as  long, 
because  their  sound  continues  for  a  considerable  time,  and  they  do  not 
suddenly  break  off  the  energy  of  the  breath.  Of  an  inferior  value  are 
the  short  vowels,  and  those  used  as  short,  because  the  volume  of 
sound  in  them  is  small  and  broken.  Of  the  long  again,  the  most 
sonorous  is  the  a,  when  it  is  used  as  long,  for  it  is  pronounced  by 
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opening  the  month  to  the  fullest,  while  the  breath  strikes  the  palate. 
The  next  is  rj,  because  in  its  formation,  while  the  mouth  is  moderately 
open,  the  sound  is  driven  out  from  below  at  the  base  of  the  tongue, 
and  keeping  in  tliat  quarter  does  not  strike  upwards*  Next  comet 
the  cu,  for  in  it  the  mouth  is  rounded,  and  contracts  tho  lips,  and  the 
stroke  of  tho  mouth  is  sent  against  the  extreme  end  of  the  mouth 
((iKpooTOfuov,  the  lips,  I  presume).  Inferior  to  this  is  the  v,  for  in 
this  vowel  an  observable  contraction  takes  place  in  the  lips,  so  that 
tho  sonorous  breath  comos  out  attenuated  and  compressed.  Last  of 
all  comes  i,  for  here  the  stroke  of  the  breath  takes  place  about  the 
tooth,  while  the  opening  of  the  mouth  is  small,  and  the  lips  contribute 
nothing  towards  giving  it  dignity  as  it  passes  through.  Of  the 
short  vowels,  neither  is  sonorous  ;  but  o  is  the  least  disagreeable,  for 
it  parts  tho  mouth  more  than  tho  other,  and  receives  the  stroke  nearer 
the  windpipe." 

Now  not  to  go  into  a  detailed  criticism  of  this  passage,  two  thing! 
are  obvious  on  the  surface  of  it,  and  incontestable :  that  the  sound  of 
tho  first  letter  of  tho  alphabet  here  indicated  is  not  that  of  the  "Rwgliah 
a  in  nation,  but  certainly  that  of  the  long  Italian  a,  or  the  fine  hollow 
English  a  in  hall ;  and  secondly,  that  the  sound  of  the  last  vowel  here 
mentioned,  t,  is  the  most  slender  of  all,  corresponding  to  the  thin 
sound  of  ea  in  cheap,  not  to  tho  broad  diphthongal  song  of  t  in  time. 
For  there  can  bo  no  doubt,  as  Walkor  remarks,  that  the  peculiar 
English  sound  of  tho  long  /,  by  which  the  letter  is  named,  is  a 
diphthong,  composed  of  the  broad  a  followed  by  an  e.  Thus  our 
English  orthoepy  lias  achieved  tho  monstrous  result,  that  while  we 
have  attenuated  the  broadest  sound  in  the  ancient  vowel  scale,  we 
have  broadened  the  most  attenuated — a  perversity  equalled  only  by 
tho  strange  habit  which  vulgar  English  speakers  have  of  inserting  an 
r  or  a  h  where  no  r  or  h  ought  to  bo,  and  sinking  the  same  letters 
where  they  ought  to  be  pronounced.  What  a  wretched  effect  this 
inversion  of  the  points  of  polarity  in  tho  vowel  scale  must  have  in 
marring  the  music  in  some  of  the  finest  lines  in  Greek  and  Latin 
poetry  need  not  be  mentioned.  Let  a  man  only  try  it  in  Italian,  and 
he  will  see  how  unpardonablo  such  an  offence  is. 

A  very  long  and  elaborate  method  of  proof  would  be  necessary, 
were  it  my  purpose  on  tho  present  occasion ,  to  corroborate  the  values 
of  the  Greek  vowels  as  here  given  by  Dionysius.  Let  it  be  enough 
to  eta  to' that  Seyffarth,  Liscov,  and  other  writers  have  corroborated 
the  grand  outlines  of  the  scheme  hero  given  by  the  various  methods 
of  philological  induction  appropriate  to  this  branch  of  investigation  ; 
and  as  the  result  of  the  whole,  it  appears  that  the  proper  classical 
values  of  the  long  vowels  may  be  stated  as  in  the  following  scale : — 

d,  as  in  Italian  amdre  ; 

rj,  as  in  English  mane ; 

<i>,  as  in  English  boat ; 

v,  as  in  German  brudcr ; 

i,  us  in  English  cheap ; 
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the  short  vowels,  of  course,  being  the  same  sounds  pronounced  sharply, 
as  in  the  staccato  notes  of  music.  The  practice  followed  in  some 
English  schools  of  pronouncing  the  short  a  like  a  in  hat,  and  the  long 
a  like  a  in  mane,  which  is  a  quite  different  vowel,  must  be  reprobated. 
The  long  a  should  always  be  pronounced  like  the  English  aw  or  an, 
as  in  cawl,  maul,  &c. 

With  regard  to  the  diphthongs,  it  is  a  most  unfortunate  circum- 
stance that  Dionysius  has  not  thought  it  necessary  to  describe  '.their 
sounds.  The  inference  which  some  have  drawn  from  this,  that  the 
rhetorician  considered  their  pronunciation  was  always*  identical  with 
the  elements  of  which  they  are  composed,  so  that  <u  or  koI  should  be 
like  the  English  t  in  time,  pronounced  in  the  broadest  style  is  alto- 
gether unwarranted.  With  regard  to  two  of  the  diphthongs,  however, 
philological  investigations  leave  us  in  no  manner  of  doubt  that  the 
received  English  pronunciation  is  altogether  wrong.  It  seems  quite 
certain  that  ov  was  pronounced  like  the  English  oo  in  boom  ;  and  this 
sound  is  not  only  more  beautiful  in  itself  than  the  English  ou  in  bound, 
but  is  in  accordance  with  the  whole  habit  of  Greek  utterance,  which 
inclines  to  the  use  of  the  front  part  of  the  mouth,  while  the  English 
speech  comes  more  from  the  back  part,  as  the  American  is  apt  to  lose 
iteelf  after  a  most  ungraceful  fashion,  in  the  nose.  It  seems  certain 
also,  that  in  the  time  of  the  Ptolemies  at  was  always  pronounced  like 
a  in  the  English  vain,  as  it  is  still  pronounced  by  the  modern  Greeks.* 
On  the  phonic  value  of  the  other  diphthongs  I  am  afraid  we  must  be 
content  to  remain  in  ignorance ;  at  least  I  have  been  able  to  gain  pos- 
session of  no  evidence  which  seems  to  me  such  as  to  place  this  matter 
on  a  firmly  scientific  basis.  Thero  is  an  interesting  passage  in  Moscho- 
pulos  (Titze,  Leipzig,  1822,  p.  24),  which  seems  to  say,  contrary  to  the 
doctrine  of  the  modern  Greeks,  that  in  the  diphthong  ct  the  '  was 
silent,  and  the  sound  of  c  alone  was  heard. 

I  have  said  nothing  in  the  above  argument  on  the  pretensions  of 
the  modern  Greeks,  who  have  written  not  a  few  learned  treatises  to 
prove  that  their  characteristic  itacism,  or  the  predominance  of  the 
slender  sound  of  t,  ought  to  be  allowed  to  rule  the  pronunciation  of 
the  Greek  language,  as  indeed  it  actually  did  everywhere  in  Europe 
before  the  revolutionary  innovations  of  Erasmus.  Now,  while  it  is 
quite  certain,  on  the  one  hand,  that  a  certain  amount  of  attenuated 
itacism  was  characteristic  of  Greek  as  contrasted  with  Latin,  at  a  very 
early  period,')'  the  supposition  that  half-a-dozen  distinct  vowels  and 
diphthongs,  rj  i  v  «  oc,  should  all  have  been  pronounced  originally  with 
the  same  sound,  is  preposterous.  Even  in  the  days  of  the  Apostles, 
I  cannot  bo  brought  to  believe  that  such  a  sentence  as  \apts  Ifjuv  koI 
elprjvT]  ir\rf$w$€irj  was  pronounced  with  the  slenderest  sound  in  the 

*  Note.— See  on  these  points  my  work  on  the  Pronunciation  of  Greek.  Edin- 
burgh :  Edmonston  &  Douglas,  1852. 

t  Note.— u  Quamquam  Us  major  est  gracilita8  nos  tamen  sumus  fobtiobes." — 
Quinctilian. 
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Greek  language  ten  times  repeated.  Nothing  short  of  a  miracle, 
indeed,  could  have  preserved  the  language  of  Pericles  and  Plato  from 
some  corrupt  tendency,  during  the  long  space  of  more  than  two  thousand 
years  which  has  elapsed  since  thoy  thundered  in  the  Pnyx  and  preached 
in  the  Academy.  Let  the  modern  Greeks,  therefore,  confess  honestly 
that  the  excessive  itacism  of  their  actual  speech  is  a  declension  and  a 
deformation  from  the  perfection  of  their  ancient  vocal  ism.  On  the 
other  hand,  let  the  arbitrary  mouthers  of  Greek  speech  according  to  aa 
English —that  is,  a  barbarous — model,  bear  in  mind  that  Greek  is  a 
living  language ;  that  it  has  changed  by  degrees  only  as  TCngligfr  hat 
changed  and  is  changing  ;  and  that,  while  the  English  pronunciation 
of  the  principal  vowels  is  a  gross  pervorsion  and  an  arbitrary  inven- 
tion, the  Alexandrian  and  Byzantine  corruptions  are  only  the  ezeeai 
of  what  is  characteristic.  This  is  the  rank  outgrowth  of  a  living 
reality ;  the  other,  a  scholastic  figment.  As  a  matter  of  fact,  there- 
fore, and  for  a  sort  of  international  convenience,  I  have  no  objection 
— as  indeed  the  French  Academy  two  years  ago  advised — to  adopt  the 
modern  Greek  vocalization  in  reading  Greek  prose ;  bnt  the  euphony 
which  belongs  to  poetry  seems  imperatively  to  demand  that  in  the 
recitation  of  Homer,  at  least,  the  <n  should  receive  something  of  that 
full,  manly  sonorousness  which  the  strong  lungs  of  the  Homeric  heroes 
could  not  fail  to  send  forth.  I  am  not  inclined  to  sacrifice  the  full 
roll  of  TroXv<f>XoL(T^oLo  and  ImroSafLOio  to  any  merely  Byzantine  ortho- 
doxy, however  undisputed. 

I  now  come  to  the  accent  or  intonation — a  point  on  which  the 
defenders  of  the  present  perverse  pronunciation  are  found  to  make  a 
stiff  fight,  but  on  which,  when  the  probabilities  and  authorities  are 
carefully  considered,  they  have  really  no  case  at  all  Professor 
Maiden,  of  London,  in  a  paper  read  before  the  Philological  Society, 
May  28,  1847,  maintains  that  the  acute  accent  of  the  weeks,  which 
is  substantially  the  accent,  meant  only  elevation  of  tone  in  the  voice, 
and  did  not  also  imply  stress  or  emphasis.  There  is  not  the  slightest 
foundation  for  this  assertion.  All  the  proof  lies  most  distinctly  the 
other  way.  The  words  hrfaxuns  and  drccrt?,  by  which  the  Greek 
grammarians  generally  express  the  acute  and  grave  accent,  signify 
properly  stress  or  emphasis,  and  remission  or  relaxation  of  the  voice. 
That  this  emphatic  stroke  of  the  breath  (jcpovcr/ia,  Theodo*.  GhrammaL 
Qoettling,  p.  61)  was  in  Greek  enunciation  accompanied  by  an  elevation 
of  the  voice,  is  attested  by  the  word  o£us,  and  is  indeed  only  what 
might  have  been  expected  from  the  very  nature  of  the  case.  To 
elevate  the  voice  on  the  unemphatic  syllable  is  possible  indeed,  and 
may  sometimes  be  observed,  as  Professor  Maiden  remarks,  in  the  in- 
tonation given  to  English  words  in  some  parts  of  Scotland ;  bnt  this 
practice  is  certainly  not  so  obvious  and  natural  as  the  other.  At  all 
events,  the  Greek  grammarians  give  us  not  the  slightest  indication 
that  while  a  superior  stress  lay  upon  one  syllable,  a  higher  key 
belonged  to  another.  On  tho  contrary,  they  distinctly  indicate  by 
the  whole  doctrine  of  enclitics  or  unemphatic  syllables,  that  accent 
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means  emphasis.  An  enclitic  is  a  monosyllabic  or  dissyllabio  word, 
which  in  actual  speech  is  so  closely  connected  with  another  more 
emphatic  word,  as  to  have  no  separate  verbal  emphasis.  In  all 
languages  the  pronouns  are  such  words,  and  in  Italian  there  is  a 
separate  form  of  that  part  of  speech  to  express  this  unemphatio 
adjunct  of  a  verb,  which  is  always  written  so  as  to  make  one  word 
with  the  verb,  as  datemi,  dated,  &c  But,  wherever  the  emphasis  of 
speech  requires  that  these  words  should  receive  a  separate  rhetorical 
emphasis,  as  when  I,  for  instance,  is  contrasted  with  you,  yes  with  no, 
and  so  forth,  these  helpless  little  recumbents  immediately  assume  an 
erect  position,  and  are  strongly  emphasized,  as  when  for  the  sake  of 
contrast,  in  English  we  emphasize  the  qualifying  elements  in  such 
compounds  as  progression  and  retrogression,  invade  and  hade.  Now 
the  £lreek  language  constantly  uses  this  device ;  and  the  use  proves 
that  accent  signifies  emphasis.  Further ;  in  the  decadence  of  language 
there  is  a  well-known  tendency  of  words  to  be  curtailed  of  their  un- 
emphasized  syllables  ;  in  the  haste  of  careless  and  ill-regulated  utter- 
ance, that  syllable  alone  remains  on  which  the  dominant  stress  lies ; 
and  so  the  accent,  which  Diomede  calls  the  anima  vocis,  is  the  most 
persistent  element  in  a  word,  and  asserts  itself  with  decision,  when 
terminations  are  lost  and  quantity  forgotten.  Thus  in  Italian  we  have 
citta  for  civitdte,  amb  for  amdtrit,  and  many  such.  Modern  Greek  in 
the  same  way  shows  /tas  for  ^/ias,  &v  for  ovStv,  irtxria  for  cnria-a^  irwpucd 
for  QTTiDpLKOL,  if/dpi  for  6\//dpiov9  7rcu8t  for  TTaStov,  and  others  of  the  same 
kind.  Again,  the  modern  Greeks  themselves,  who  inherit,  through 
the  persistency  of  acoustic  habit,  the  accents  of  the  ancients,  give  a 
decided  preponderance  to  the  last  syllable  of  Uapvaacro,  o-kow6,  koXo, 
&c,  as  no  one  can  have  been  but  a  few  days  in  Greece  without  observ- 
ing. What  right,  therefore,  in  the  face  of  all  these  facts  a  modern 
Englishman  can  have  to  draw  back  the  accent  of  these  words  from  the 
last  syllable,  and  lay  a  decided  stress  of  the  voice  on  the  preceding 
one,  no  reason  can  divine.  It  is  merely  an  arbitrary  perversion.  For 
the  glaring  absurdity  of  our  existing  practice  is  not  that  we  pronounce 
Greek  without  accents,  but  that  we  pronounce  it  with  Latin  accents. 
The  accentuation  of  the  language  of  ancient  Borne,  though  not  marked 
in  the  books,  was  handed  down  to  us  correctly,  through  the  Boman 
Church  and  its  beautiful  hymnology ;  in  this  language,  therefore,  we 
never  err  in  point  of  emphasis,  though  we  are  often  careless  enough  in 
respect  of  quantity.  Bat  in  the  Greek  language,  though  Aristophanes 
of  Byzantium,  more  than  200  years  before  Christ,  took  the  wise  pre- 
caution of  teaching  the  accent  to  the  eye  as  well  as  the  ear  in  the  text 
of  every  written  sentence,  we  take  upon  ourselves  systematically  to 
reject  that  indication,  and  read  Greek  exactly  as  if  we  were  reading 
Latin !  A  more  extraordinary  instance  of  a  determination  to  take  the 
wrong  road,  when  the  finger  of  the  directing-post  is  pointing  out  the 
right,  will  not  be  found  in  the  annals  of  learned  blundering.  There  are 
no  fools  like  learned  fools.  That  accent  means  stress  in  Latin  we  habitu- 
ally allow,  by  laying  the  emphasis  on  those  syllables  where  according  to 
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Roman  tradition  tlio  accent  lies ;  but  while  the  Roman  grammarian! 
indicate  no  difference  in  nature  between  Greek  and  Roman  accents,  we 
take  upon  ourselves  to  deny  that  dominance  to  the  accented  syllable 
of  a  Greek  word  which  belongs  to  it  by  tho  same  right  thai  the  accented 
syllable  of  a  Latin  or  German  word  is  allowed  to  predominate.  Nay 
more ;  we  do  this  in  the  face  of  those  very  Roman  writers  who  tell  in 
in  the  most  distinct  terms,  that,  while  no  Latin  word  is  accented  on 
the  last  syllable,  the  Greek  language  is  particularly  rich  in  this  final 
oxytone,  and  that  this  oloment  of  variety  in  the  place  of  the  accent  it 
one  great  clement  of  orthocpic  beauty  in  the  language  of  polished 
Athens,  as  compared  with  that  of  more  sturdy  but  loss  harmonious 
Rome !  Nor  is  this  all ;  while  in  teaching  we  allow  our  scholars  to 
infect  the  ear  with  a  false  accent  for  a  period  of  years,  we  then  com- 
mence a  course  of  special  indoctrination  to  inform  the  understanding 
where  the  accent  should  be  placed !  Absurdity  cannot  go  beyond  this. 
Such  a  method  of  teaching,  used  in  tho  case  of  any  living  language, 
would  expose  tho  pedagogue  to  the  just  reproof  of  his  principal,  and 
the  deserved  contempt  of  his  scholars. 

That  the  ancients  actually  recited  their  speeches  with  the  observance 
of  the  just  accent  should  require  no  proof  with  reasonable  persons, 
and  is  distinctly  stated  by  Theodosius.     "Kai  £ci  top  viav  dp^njBa 

KOLTOpOoVV    TTJV    OVayVWCTlV    KOTO.  TTpCHTW&LaV   KCLL    TOVOV  "    (p.    58,      GottUng). 

And  there  is  a  well-known  anecdote  about  Demosthenes,  in  Ulpian'e 
*  Commentaries '  I  believo,  to  the  effect  that  the  great  orator  was  on 
one  occasion  publicly  hissed  for  laying  a  false  accent  on  the  word 
fuaOwrrp.  It  is  certain,  also,  that  if  any  scholar  were  to  deliver  to  a 
Greek  audience  a  Greek  oration  pronounced  according  to  our  perverse 
British  practice,  ho  could  scarcely  fail  to  talk  nonsense  in  almost 
every  other  sentence ;  for  tho  sense  of  many  Greek  words,  otherwise 
identical  in  sound,  depends  altogether  on  the  accent  being  laid  on  a 
different  syllable.  It  was  to  prevent  this  confusion  partly  that 
Aristophanes  invented  tho  accentual  marks  :  irpos  oWrroA^r  rijs 
a/j.<t>ifi6\ov  Xc^c(o9,  as  Arcadius  expressly  tells  us  (p.  186,  Barker). 
In  Jelf's  grammar  will  bo  found  a  long  list  of  such  words;  and 
yet  wo  pronounce  ravra,  these  things,  and  ravrd,  the  same  things; 
e\co9,  mercy,  and  cAco?,  a  board  for  Jiashing  mince  coUops  ;  ftporos,  gore, 
and  Pporraty  a  mortal ;  w/llo?,  a  shoulder,  and  w/ao?,  cruel ;  tfdAos,  a  dome 
or  cupola,  and  OoXos,  mud,  as  if  they  wore  the  same.  Thus  our 
system,  starting  from  an  utter  disregard  of  philological  science,  ends, 
as  all  random  proceedings  in  such  mattors  must  do,  in  nonsensical 
practice.  But  not  only  is  the  sense  of  the  spoken  language  destroyed 
to  the  ear,  the  musical  character  of  the  whole  language  is  marred 
and  perverted.  The  dominant  accent  upon  tho  propor  syllable  is  as 
essential  to  the  melody  of  Greek  prose,  as  the  due  prolongation  of 
the  vowel  at  marked  intervals  is  to  Greek  poetry.  Imagine  French 
pronounced  with  the  favourite  English  antepenultimate  accent,  and 
you  will  realize  some  analogy  to  the  barbarous  effect  to  a  well-tuned 
Greek  ear  made  by  tho  received  English  onunciation  of  the  following 
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sentence  from  Plato,  where  the  oxytone  accent  prevails,  "  ol  tc  Or/peuraX 
mures,  ol  T€  fufxrjral,  iroAAot  pJkv  ot  irtpl  to.  o^/xara  tc  koI  xpaytara, 
iroXXol  St  ol  TT€pl  pxnxrucrjv,  iroirfraX  tc  kclL  tovtvsv  virqpenu,  paaj/wSol, 
VTroKpirat,  \op€vroX  ipyoXAfioL,  (tkcvwv  tc  7ravTo8a7iw  o\jpuovpyol  twv  tc 
aAAa>v,  kou  tu)V  Trcpl  tov  yuvcuxctov  Koafwv.  Kal  81)  #cal  SuucoVojv  7rXctdvaiK 
SerjaopeOa  rj  ov  Sok€i  oVr/cciVTrcuoa  ycoyun',  titO&v,  Tpofiav ;  KopLputrrpuov, 
Kovpimv  Kal  av  oif/oirouov  re  Kal  fiayilptav"  {Rep.  II.,  373  B.) 

Innumerable  passages  of  this  kind  constantly  occur,  where  the  fine 
roll  of  the  voice  on  the  o/v  of  the  genitive  plural  and  other  ter- 
mination^ syllables  is,  by  the  indiscriminate  application  of  the 
meagre  Latin  accentuation,  altogether  lost.  For  my  part,  now  that 
my  ear  is,  by  the  practice  of  many  years,  tuned  to  tho  correct  recita- 
tion of  Greek  prose,  I  should  as  soon  consent  to  blotting  out  the  olo 
and  the  aW  from  the  Homeric  hexameter,  as  to  the  wholesale  swamping 
of  the  oxytones  which  the  English  practice  induces  in  reciting  the 
musical  ocean-roll  of  a  Plato,  or  the  energetic  thunderclaps  of  a 
Demosthenes. 

Apologies  for  the  present  perverse  practice  of  pronouncing  Greek 
have  no  doubt  been  attempted,  and  will,  in  all  likelihood,  be  attempted 
again.  In  the  most  desperate  case,  a  clever  advocate  will  find  some- 
thing to  say  for  an  accused  person,  of  whose  guilt  no  sane  juryman 
can  have  a  doubt.  The  vulgar  objection,  for  instance,  to  the  correct 
pronunciation  of  the  Greek  word  avOpunros,  with  the  accent  on  the 
ante-penult  and  the  penult  long,  viz.  that  the  quantity  of  the  penult 
is  thereby  lost ;  this  objection  disappears  the  moment  we  produce  a 
German  word  such  as  dbhauen,  or  an  English  word  such  as  l&ndholder, 
where  exactly  the  same  relation  of  accent  and  quantity  exists.  And 
if  in  giving  full  effect  to  the  accent  on  the  first  syllable  of  such  words 
the  quantity  of  tho  second  syllable  might  in  rapid  speaking  be  some- 
what curtailed,  this  is  only  what  happens  in  all  languages,  and  should 
not  be  allowed  to  disturb  the  rational  and  legitimate  accentuation  of 
Greek.  In  Latin,  for  instance,  we  know  with  perfect  certainty  that 
the  long  final  o,  in  verbs  exactly  observed  by  Virgil,  as  in  cano,  fremo, 
is  often  shortened  by  Martial ;  for  the  obvious  reason,  that  as  the 
poet  of  colloquial  wit,  this  writer  followed  the  loose  law  of  Roman 
talk,  which  habitually  cheated  the  long  final  o  in  this  and  some  other 
cases  of  its  legitimate  *  prolongation.  And  if  there  be  any  scholar 
who  cannot  be  made  to  understand  how  the  penult  of  such  a  word  as 
'Apioro<f>dvr)<;  (and  there  are  hundreds  such  in  Greek)  should  be 
accented  and  short,  while  the  last  syllable  is  unaccented  and  long, 
this  can  only  be  explained  by  that  gross  quality  of  hearing  that  is 
tho  natural  product  of  long  years  of  perverse  practice,  and  sopited 
sensibility. 

On  the  third  great  section  of  the  doctrine  of  the  music  of  language 
in  Greek  and  Latin,  viz.,  Rhythm  and  Metres,  my  present  limits  allow 
me  only  to  make  one  remark ;  a  remark  necessary  to  repel  the  objec- 
tion felt  by  many  to  reading  Greek  prose  according  to  accent,  viz.  that 
this  practice  annihilates  altogether  the  metrical  movement  of  verse. 
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The  remark  is  this :  all  ancient  poetry  was  a  part  of  music,  not  of 
colloquy  ;  the  singing  element  of  language  is  quantity,  not  accent- 
full,  brood,  and  prolonged  vocalism  as  we  see  in  Italian  ;  therefore  in 
the  composition  of  their  verses  made  to  be  sung,  not  read,  the  ancienti 
subordinated  the  colloquial  accent,  or  sunk  it  altogether.  This  is  certain 
from  the  doublo  fact,  that  while  on  the  one  hand  Hephsestion  and  other 
ancient  metrical  writers  never  allude  to  accent  as  an  element  in 
poetical  composition,  no  modern  reador  can  bring  a  metrical  move- 
ment  out  of  any  Greek  verse  otherwiso  than  by  the  systematic  neglect 
of  it.  Another  incontrovertible  proof  of  the  practice  of  the  ancienti 
in  this  matter  is  that  the  contrary  character  in  modern  poetry  hai 
produced  a  contrary  law  of  poetical  composition.  Our  poetry,  written 
to  be  read,  and  read  a  thousand  timos  for  once  that  it  is  sung,  follows 
the  laws  of  reading  and  of  spoken  discourse,  viz.  the  metrical  accent 
is  kept  identical  with  the  colloquial  accent,  while  the  quantity  is  left 
to  shift  for  itself,  at  least  does  not  lio  under  the  dictatorship  of  certain 
fixed  and  commutable  laws.  And  if  it  seems  a  strange  thing  to  us 
that  the  ancients  in  the  composition  of  poetry  should  have  habitually 
tolerated  a  syllabic  accentuation  contrary  to  what  they  used  in 
prose,  it  would  no  doubt  appear  an  equally  strange  thing  to  them, 
that  in  the  singing  of  the  most  beautiful  hymns  and  songs  we 
habitually  prolong  God  into  goad,  and  shorten  goad  into  god,  as  it  may 
suit  our  convenience.  Practically  there  is  not  the  slightest  difficulty 
— as  I  know  from  experience — in  reading  Greek  prose  according  to 
both  accent  and  quantity,  and  measuring  Greek  poetry  to  the  ear,  by 
the  musical  accont  and  tho  exact  pronunciation  of  short  and  long 
syllables.  In  fact,  those  who  pronounce  <r#co7ro?,  as  if  it  were  mcowo*, 
would  find  themselves  as  much  put  out  by  the  occurrence  of  such 
a  word  in  tho  close  of  an  Iambic  lino,  as  I  should  bo  if  the  line  ended 
in  fipoTos.  Nay,  it  is  a  curious  fact,  that  in  some  of  the  most  beautiful 
Greok  choral  songs  (as  in  the  derooi  Nc</>eXat  of  Aristophanes,  *  Clouds,* 
275-290),  the  musical  accent  indicating  the  metre  is,  in  a  great 
majority  of  cases,  coincident  with  the  syllabic  accent  of  the  words  as 
spoken  in  common  colloquy.  I  consider,  therefore,  the  objection  that 
pronunciation,  according  to  accent,  annihilates  quantity,  not  only 
scientifically  worthless,  but  practically  unmeaning.  Those  who  make 
these  objections  appear  to  me  like  persons  suffering  under  a  certain 
nervous  disease,  which  makes  them  imagine  that  their  bodies  are  made 
of  glass,  and  that  the  moment  they  rise  to  walk  they  will  fall  to  pieces. 
But  it  is  not  so.  The  supposed  incompatibility  of  accent  and  quantity 
vanishes  the  moment  a  man  works  himself  into  the  living  practice  of 
the  thing.  Hero,  as  in  more  important  matters,  the  only  solution  of 
sceptical  doubts  is  to  be  found  in  action.  As  for  the  modern  Greeks, 
if,  after  having  endured  long  centuries  of  decadence  and  oppression, 
they  have  forgotten  their  ancient  musical  cunning,  and  will  persist  in 
reading  Homer  according  to  the  spoken  accents  of  their  common  col* 
loquy,  that  is  their  loss,  not  ours.  A  little  training  would  no  doubt 
set  them  right  in  this  matter,  and  they  would  gladly  meet  us  half-way, 
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if  we  did  not  habitually  insult  them  by  throwing  overboard  all  the 
living  traditions  of  their  orthoepy.  Our  circumstances  have  been 
more  favourable  than  theirs  ;  and  the  one-sided  perversity  into  which 
we  have  fallen  deserves  less  excuse.  Historically,  I  believe  it  is 
traceable  principally  to  the  metrical  hobbihorsicality  which  distin- 
guished the  scholarship  of  Bentley  and  Porson.  The  Roman  accen- 
tuation was  transferred  to  Greek,  as  more  convenient  to  mark  the 
quantity  of  certain  penultimate  syllables.  This  was  all.  To  remedy 
one  small  inconvenience  for  the  sake  of  ignorant,  lazy,  or  careless 
schoolmasters,  a  huge  organism  of  systematic  blunders  was  created. 
I  hope  the  time  has  now  arrived  when  thoughtful  scholars  will  no 
longer  allow  themselves  to  be  guided  in  important  points  of  philo- 
logical practice  by  no  higher  law  than  that  which  governs  crinolines 
and  chignons.  I  think  this  matter  should  be  settled  by  reason  ;  and 
the  great  English  universities  could  perform  few  more  thankworthy 
services  than  by  promulgating  an  ordinance  on  this  subject,  which 
would  at  once  bring  England  into  harmony  with  the  great  guildry  of 
European  scholarship,  and  furnish  our  public  teachers  with  a  rule  of 
classical  orthoepy  both  scientific  in  its  basis  and  convenient  in  its 
application. 

[J.  S.  B.] 
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Monday,  May  6, 1867. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

Tho  following  Vice-Presidents  were  nominated  for  the  ensuing 
year: — 

The  Right  Hon.  Edward  CardwelL,  M.P. 

John  Peter  Gassiot,  Esq. 

Colonel  Philip  J.  Yorke,  and 

William  Spottiswoode,  Esq.  F.B.S.  the  Treasurer. 


Henry  Cosmo  Bonsor,  Esq. 
Colonel  Charles  Douglas,  RJL 
Frank  Clarke  Hills,  Esq. 
Arthur  Thompson,  Esq. 

were  elected  Members  of  the  Royal  Institution* 

The  following  Professors  were  re-elected  : — 
John  Ttndall,  Esq.  LL.D.  F.R.S.  as  Professor  of  Natural  Philosophy. 
Edwakd  Fkankland,  Esq.  Ph.D.  FJR.S.  as  Professor  of  Chemistry. 
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The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM  a 

Secretary  of  Skate  for  India — Report  on  the  Registration  of  Ozone,  in  the  Bombay 

Presidency,  in  1864-65.    fol.     1866. 
Governor-General  tf  India — Geological  Survey  of  India  : 
Annual  Report    1865-6.    8vo. 

Catalogues  of  Ophalojxxla  and  Meteorites.    8vo.    1866. 
Memoirs.    Vol  V.    Art.  3, 4.    8vo.    1866. 
—  Palaeontologies  Indica.    IIL    10-13.    fol.     1866. 
Lieutenant-Governor  of  Bengal — Report  on  the  Calcutta  Cyclone.     By  Lieutenant- 
Colonel  J.  E.  Gastrcll  and  H.  F.  Blanford.     8vo.    1866. 
The  Corporation  of  London-  Catalogue  of  Works  of  Art.    Part  I.     8vo.     1867. 
United  States  Naval  Observatory—  Astronomical  and  Meteorological  Observation 

forl8G4.    4to.     18G6. 
Actuaries,  Institute  o/— Journal,  No.  67.    8vo.    1867. 
Architects,  Royal  Institute  of  British — Proceedings,  1867.    Part  IX.    4 to, 
Asiatic  Society  of  Bengal— Journal,  Nos.  134,  137.    8vo.     1866. 
Astronomical  Society,  Royal— Monthly  Notices,  Vol.  XXVII.  No.  5.     8vo.     1867. 
Bavarian  Academy  of  Science,  IUnjal — Sitzungsberichte,  1866.     Band  II.      2,  3, 4. 

8vo. 
Chemical  Society — Journal  for  April,  1867.    8vo. 
Editors — Artizan  for  April,  1867.    4to. 
Athenseum  for  April,  1867.    4to. 
British  Journal  of  Photography  for  April,  1867.    4to. 
Chemical  News  for  April,  1867.    4to. 
Engineer  for  April,  1 867.    fol. 
Horological  Journal  for  April,  1867.    8vo. 
Journal  of  Gas-Lighting  for  April,  1867.    4to. 
Mechanics'  Magazine  for  April,  1867.    8vo.  « 

Pharmaceutical  Journal  for  April,  1867. 
Faraday,  Professor,  D.C.L.  F.RJS. — Atlas  der  Hautkrankhciten.     lief.  VI.    foL 
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Friday,  May  10, 1867.     * 

Sir  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

Professor  Alexander  Bain,  M.A. 

OP  THE  UXIVBBSITT  OF  ABESDKEJf. 

On  the  Doctrine  ofthe  Correlation  of  Force  in  its  Bearing  on  Mind. 

The  speaker  began  by  giving  his  view  of  the  Correlated  Forces. 
There  are  five  commonly  recognized  forces :  one  Mechanical,  or 
Molar,  movement  iu  mass  ;  and  four  Molecular,  or  movement  in  mole- 
cule— Heat,  Light,  Chemical  Force,  Electricity.  Of  vital  force,  it  is 
difficult  to  speak  as  a  whole,  but  one  member  of  it — the  Nerve  Force 
— allied  to  Electricity,  is  in  every  respect  entitled  to  rank  among  the 
Correlated  Forces,  making  the  fifth  of  the  molecular  group.  With 
the  exception  of  Light,  all  the  forces  are  exchangeable  on  an  assignable 
rate  of  commutation. 

The  speaker  then  quoted  the  received  views  as  to  the  maintenance 
of  the  animal  forces;  which  depend,  in  the  last  resort,  upon  the 
oxidation  of  the  food.  From  this  oxidation,  or  animal  combustion,  is 
derived j  the  temperature  of  the  body,  the  muscular  or  mechanical 
energy,  and  the  nervous  power,  or  nerve  force.  Now  the  extension  of 
the  Correlation  of  Force  to  mind,  if  admissible,  must  be  made  through 
the  nerve  force,  an  undoubted  member  of  the  group. 

The  speaker  then  referred  to  some  of  the  theories  of  the  connection 
of  mind  and  body,  and  indicated  the  views  (1)  of  Aristotle,  and  (2)  of 
Aquinas,  who  may  be  considered  the  author  of  the  modern  settlement 
of  the  relations  of  the  material  and  the  immaterial.  Both  philosophers 
represented  the  highest  intellectual  processes  as  conducted  by  the 
immaterial  substance,  a  doctrine  liable  to  serious  difficulties.  The 
influence  of  modern  physiology  had  compelled  the  admission  of  a 
material  basis  for  the  intellectual  functions ;  and  the  consequence  of 
this  admission  has  been  a  modified  theory,  expressed  as  the  "  mutual 
action  of  mind  and  body."  The  speaker  regarded  this  view  as  an 
advance  on  Aquinas,  but  as  still  incorrect.  It  supposes  that  we  know 
mind  apart  from  body,  and  that  pure  mind  can  exert  influence  upon 
pure  body.  But  we  have  no  experience  of  pure  mind :  we  know  only 
of  the  compound  mind-body ;  and  when  we  speak  of  the  mind  acting 
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on  the  body,  it  is  the  compound  phenomenon  that  really  produces  the 
effect.  When  a  shock  of  fear  deranges  the  digestion,  the  cause  is  not 
the  abstract  consciousness  called  the  emotion  of  fear,  but  this  in 
combination  with  a  condition  of  the  nervous  system ;  bo  that  the 
real  sequence  is  mind-body  operating  upon  mind-body. 

Tho  commonly  conceived  difficulty  as  to  the  union  of  mind  with 
body  is,  properly  speaking,  no  difficulty  at  all.  Wo  accept  ever/ 
alliance  that  we  find  in  naturo  as  a  fact,  and  merely  generalize  it  to 
the  uttermost ;  such  are  tho  alliances  of  gravity  and  inert  matter,Tieat 
and  light.  The  real  difficulty  in  tho  case  is  of  another  kind.  When 
we  speak  of  two  things  being  united,  wo  can  hardly  avoid  supposing  a 
local  union,  a  union  in  place,  or  extension.  We  apply  this  notion  to 
mind  and  body,  and,  find  ourselves  in  hopeless  perplexity.  Body  u 
an  extended  thing,  but  mind  proper  is  unextended ;  it  has  no  dimen- 
sions, form,  or  division  of  parts;  when  we  are  under  a  feeling  of 
pleasure  or  pain,  we  are  in  a  mood  where  the  property  of  extension  is 
inapplicable ;  and  yet  this  unextended  consciousness  has  for  its 
essential  condition  certain  modes  of  extension,  namely,  the  corporeal 
frame  and  its  parts.  Mind  is  not  a  place  but  a  state ;  wo  live  by  tuns 
in  two  different  states,  the  one  unoxtendod,  the  other  having  the  pro- 
perty of  extension.  Tho  union  of  mind  and  body  is  not  a  local  union, 
because  connection  in  place  supposes  the  two  things  to  bo  extended 
or  objective  things ;  it  is  a  union  of  dependence,  and  of  sequence  is 
time.  An  extended  organism  is  the  condition  of  our  existing  in  states 
of  the  unextended — pleasures,  pains,  and  ideas  ;  and  our  life  is  a  con- 
tinuous thread  of  alternative  states,  extended  and  unextended,  object 
and  subject.  The  familiar  mode  of  expressing  body  and  mind  by  the 
words  '  external '  and  '  internal '  is  faulty,  for  these  words  suppose 
relation  in  place,  and  apply  only  to  two  extended  things. 

The  speaker  then  proceeded  to  explain  and  prove  the  doctrine  of 
the  correlation  of  the  material  forces  with  the  mental  force.  Every 
mental  display,  every  mode  of  feeling  and  thought,  demands  a  certain 
definite  expenditure  of  nerve  force ;  and  the  nerve  force  is  definitely 
related  to  the  source  of  all  vital  force,  tho  combustion  or  oxidation  of 
tho  food.  Ho  gave  a  series  of  proofs  and  illustrations  of  the  position, 
that  tho  mental  manifestations  aro  in  exact  proportion  to  their  physical 
supports.  He  showed  that  according  as  the  mind  is  exerted,  force  ii 
drawn  away  from  the  proper  corporeal  functions,  which  are  to  that 
extent  weakened.  This  is  merely  the  general  or  scientific  statement 
of  the  common  experience  of  the  incompatibility  of  great  mental 
exertion  with  great  physical  robustness. 

Another  important  consequence  of  the  doctrine  of  the  definite 
correlation  of  mind  with  the  physical  forces,  is  tho  mutual  limitation 
of  the  mental  manifestations  among  themselves.  Taking  the  three 
distinct  functions  or  departments  of  mind— Feeling,  Will,  and  Intellect 
— it  may  be  maintained  that  they  each  involve  a  certain  definite 
physical  expenditure,  and  that  an  excessive  degree  of  the  one  necessarily 
stints  the  others.    On  comparing  tho  cost  of  the  three  different  tunc- 
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tions,  the  speaker  held  that  the  demands  of  the  intellect  are  the 
largest,  and  that  great  and  continued  intellectual  efforts  use  up  a  very 
large  amount  of  the  whole  energies  of  the  system. 

He  applied  the  doctrine  of  mutual  limitation  of  mental  functions 
to  explain  the  incompatibility  of  different  modes  of  mental  eminence, 
as  scientific  and  artistic  power  in  a  high  degree  ;  great  sensibility  with 
great  activity  of  temperament;  and  intellectual  originality  with 
emotional  exuberance. 

[A.  B.] 
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Sir  Hknbt  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

William  Odling,  M.B.  F.B.S. 
On  the  Occlusion  of  Oases  by  Metals. 

I. 

The  remarkable  property  first  observed  by  M.  Deville,  in  the  case 
of  homogeneous  platinum  and  iron,  when  at  a  red  heat,  of  being 
permeable  to  hydrogen  gas,  is  not  by  any  means  confined  to  these 
two  metals ;  and  has  been  shown  by  Mr.  Graham  to  be  manifested 
in  a  much  greater  degree  by  palladium,  even  at  temperatures  falling 
considerably  short  of  redness. 

An  exhausted  tube  of  wrought  palladium,  surrounded  by  at- 
mospheric air,  remains  perfectly  vacuous  at  a  red  heat;  surrounded 
by  an  atmosphere  of  hydrogen,  it  remains  vacuous  at  100°,  but  allows 
of  some  transmission  at  240° ;  while  at  265°,  and  up  to  a  temperature 
just  short  of  redness,  there  is  a  steady  and  considerable  passage 
of  hydrogen  to  its  interior,  maintained  vacuous  by  the  Sprengel 
pump.  Surrounded,  under  the  same  conditions,  by  coal  gas,  the  free 
hydrogen  of  the  coal  gas  alone  finds  its  way  into  the  interior  of  the 
tube,  the  remaining  constituents  of  the  gas  being  excluded  by  the 
heated  palladium  as  effectively  as,  in  other  experiments,  they  are 
excluded  by  ignited  platinum. 

This  transmission  of  hydrogen,  through  the  substance  of  various 
metals,  is  altogether  different  in  character  from  the  transmission  of 
gases  in  general  by  the  physical  processes  of  transpiration  and 
diffusion.  It  is  evidently  dependent  upon  some  special  relationship 
subsisting  between  the  particular  gas  and  metal,  and  has  been  shown 
by  Mr.  Graham  to  be  preceded  by  an  absorption  or  occlusion  of  the 
gas  in  the  substance  of  the  metal. 

N  2 
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II. 

Platinum-wire,  drawn  from  the  fused  and  solidified  metal,  vu 
heated  to  redness  and  allowed  to  cool  slowly  in  a  current  of  dry 
hydrogen  gas.  After  cooling,  it  was  exposed  freely  to  the  air  for 
time,  and  then  placed  in  a  tube  of  porcelain  or  hard  glass,  which 
next  exhausted  by  the  Sprengol  pump.  After  complete  exhaustion, 
the  tube  was  heated  to  redness,  when  the  contained  platinum  begin 
and  continued  to  give  off  hydrogen  gas,  which  was  delivered  by  the 
pump.  The  quantity  of  hydrogen,  measured  cold,  amounted  to  21  per 
cent,  of  the  volume  of  the  platinum- wire.  That  the  absorption  did 
not  depend  upon  surface,  was  shown  by  drawing  out  the  same  wire  to 
four  times  its  original  length,  and  repeating  the  experiment  when  the 
absorption  was  found  not  to  have  increased,  but  rather  to  haw 
decreased,  as  it  amounted  only  to  17  per  cent. 

To  show  tho  offect  of  texture,  a  similar  experiment  was  made  with 
spongy  platinum,  which  was  found  to  absorb  and  deliver  148  per  oent 
of  its  volume  of  hydrogen.  Experiments  were  also  made  with  ordinar/ 
wrought  platinum,  a  particular  piece  of  which  was  found  to  occlude  in 
three  successive  experiments,  553,  493,  and  383  per  cent,  of  its  volume 
of  hydrogen,  measured  cold,  giving  a  mean  of  476  per  cent.  Thna 
the  intermediate  form  of  platinum,  more  porous  than  the  fused,  hot 
more  compact  than  the  spongy  form,  was  found  to  be  the  most 
absorptive.  In  round  numbers,  1  volume  of  this  platinum  absorbed 
about  5  volumes  of  hydrogen  which,  at  the  temperature  of  the  experi- 
ment, would  amount  to  some  15  volumes.  Now  to  compress  15  cubic 
centimetres,  for  instance,  of  hydrogen  into  the  space  of  1  cohie 
centimetre  would  require  a  pressure  of  15  atmospheres.  But  in  this 
experiment,  the  15  cubic  centimetres  of  hydrogen  were  condensed, 
not  merely  into  1  cubic  centimetre  of  space,  but  into  so  much  of 
1  cubic  centimetre  of  space  as  appeared  to  bo  entirely  occupied  by 
platinum,  and  was  not  really  so  occupied.  So  that  assuming  the  poref 
of  the  wrought  platinum  to  amount  to  Yihns  of  its  bulk,  the  above 
described  condensation  of  tho  hydrogen  corresponded  to  that  pro- 
ducible by  a  pressure  of  15,000  atmospheres. 

To  show  the  force  with  which  hydrogen  was  retained  by  plati- 
num, another  piece  of  the  wrought  metal  was  charged  with  hydrogen 
as  before,  and  then  heated  very  gradually  in  a  vacuous  tube.  During 
exposure  for  an  hour  to  220°,  not  a  particle  of  gas  was  evolved.  At  a 
temperature  slightly  below  that  of  visible  redness,  there  was  still  no 
gas  evolved.  At  a  temperature  sufficient  to  soften  glass  (500°),  1*72 
c.c.  of  hydrogen  were  collected  in  ten  minutes ;  and,  heated  for  an 
hour  in  a  combustion  furnace,  an  additional  8*20  c.c.  of  hydrogen  were 
collected,  making  altogether  9*92  c.c,  or  379  per  cent,  of  the  volume 
of  platinum  employed  in  the  experiment.  The  same  piece  of  plati- 
num, charged  with  hydrogen,  was  kept  for  two  months,  sealed  up  in  a 
gloss  tube,  which  it  nearly  filled.     At  the  end  of  that  time,  the  air  of 
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the  tube  was  found  to  be  quite  free  from  hydrogen,  showing  that  none 
had  been  evolved  by  the  enclosed  platinnm. 

The  absorption  of  hydrogen  by  platinnm  took  place  at  a  tempera- 
ture much  below  that  necessary  to  cause  an  evolution  of  the  evolved 
gas.  Thus  some  platinum-foil  was  found  to  absorb  76  per  cent,  of 
its  volume  of  hydrogen  at  100°,  and  145  per  cent,  of  its  volume  at 
230°. 

ni. 

Palladium  appears  to  be  a  metal  altogether  special  in  its  relations 
to  hydrogen.  Foil  of  wrought  palladium  that  had  been  maintained 
at  a  temperature  not  exceeding  245°,  and  allowed  to  cool  slowly  in  a 
current  of  hydrogen,  evolved,  when  afterwards  heated  in  vacuo,  no 
less  than  52,600  per  cent.,  or  526  times  its  volume,  of  the  gas  within 
a  quarter  of  an  hour.  But  even  this  comparatively  low  temperature 
was  found  to  exceed  that  most  favourable  to  gas  absorption.  For, 
maintained  at  a  temperature  between  90°  and  97°  for  three  hours,  and 
allowed  to  cool  down  during  an  hour  and  a  half,  the  foil  absorbed 
643  times  its  volume  of  hydrogen,  measured  cold.  Even  at  ordinary 
temperatures  it  absorbed  376  times  its  volume,  provided  it  had  been 
recently  ignited  in  vacuo.  Palladium  sponge  heated  to  200°  in  a 
current  of  hydrogen,  and  allowed  to  cool  slowly,  afterwards  yielded 
no  less  than  686  times  its  volume  of  the  gas.  Now  if  the  absorption 
by  ignited  platinum  of  5  times  its  volume  of  hydrogen  is  difficult  to 
realize,  how  much  more  difficult  is  it  to  realize  the  absorption  of  5  or 
6  hundred  times  its  volume  of  hydrogen  by  moderately  heated  palla- 
dium ?  Notwithstanding  the  levity  of  the  gas,  this  large  absorption 
of  hydrogen  by  palladium  is  sufficient  to  increase  recognizably  the 
apparent  weight  of  the  metal.  The  retention,  however,  of  such  a 
charge  of  gas  is  not  complete,  a  portion  of  the  condensed  hydrogen 
being  slowly  evolved  or  volatilized  by  exposure  of  the  charged  palla- 
dium to  air.  The  hydrogen  condensed  in  palladium  is  capable  of 
exerting  those  particular  reducing  actions,  which  under  ordinary  cir- 
cumstances, are  producible  only  when  the  gas  is  in  the  so-called  nascent 
state.  Thus  the  hydrogenized  palladium  quickly  reduces  permanganate 
of  potassium,  bleaches  iodide  of  starch,  throws  downprussian  blue  frem 
ferric  ferridcyanide,  &c.  Further,  the  absorptive  power  of  palladium 
is  manifested  in  a  varying  degree  upon  different  liquids.  Thus,  1,000 
volumes  of  palladium-foil  were  found  to  absorb  1  volume  of  water, 
54  volumes  of  alcohol,  and  14  volumes  of  ether ;  results  showing  a 
special  selective  relationship  of  the  metal  to  these  different  liquids. 

IV. 

The  absorption  of  hydrogen  by  ignited  copper,  in  the  state  of  wire, 
amounted  to  30  per  cent.,  and,  in  the  state  of  sponge,  to  60  per  cent. 
Gold,  in  the  form  of  assay  cornettes,  was  found  capable  of  absorbing 
48  per  cent,  of  hydrogen,  29  per  cent,  of  carbonic  oxide,  16  per  cent. 
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of  carbonic  anhydride,  and  20  per  cent,  of  air ;  but  of  this  absorbed 
air,  nearly  the  whole  was  nitrogen.  Before  charging  the  cornettef 
with  the  above  gases,  it  was  necessary  to  ignite  them  for  some  time  in 
vacuo,  in  order  to  expel  the  gas  they  had  spontaneously  absorbed  in 
tho  muffle.  This,  which  may  be  termed  the  natural  gas  of  the 
cornettes,  amounted  to  212  per  cent,  and  consisted  principally  of 
hydrogen  and  carbonic  oxide.  Silver,  unlike  the  preconsidered  metala, 
is  characterized  by  its  preferential  absorption  of  oxygen.  In  different 
experiments,  silver-wire  heated  to  redness  was  found  to  absorb  74  per 
cent,  of  oxygen,  and  nearly  21  per  cent,  of  hydrogen.  Silver-sponge 
absorbed  722  per  cent,  of  oxygon,  92  per  cent,  of  hydrogen,  52  per 
cent,  of  carbonic  anhydride,  and  15  per  cent,  of  carbonic  oxide.  A 
specimen  of  silver-leaf,  exposed  to  the  air  at  a  red  heat,  absorbed 
137  per  cent,  of  oxygen,  and  20  per  cent,  of  nitrogen ;  so  that  while 
ordinary  atmospheric  air  contains  21  per  cent,  of  oxygen,  and  the  air 
absorbed  by  gold  only  about  5  per  cent.,  the  air  absorbed  by  silver 
contained  no  less  than  85  per  cent,  of  oxygen. 

V. 

Iron,  though  tolerably  absorptive  of  hydrogen,  is  specially 
characterized  by  its  absorption  of  carbonic  oxide.  Ordinary  iron-wire, 
that  had  been  carefully  cleaned  and  heated  in  vacuo  to  expel  its 
natural  gas,  when  afterwards  heated  in  different  atmospheres,  was 
found  to  absorb  46  per  cent,  by  volume  of  hydrogen,  and  415  per  cent, 
of  carbonic  oxide.  The  natural  gas  of  wrought-iron,  derived  from  die 
forge  in  which  it  had  been  heated,  proved  to  consist  principally  of 
carbonic  oxide,  and,  in  different  experiments,  ranged  from  700  to  1^250 
per  cent. ;  so  that,  in  the  courso  of  its  preparation,  iron  would  appear 
to  occlude  upwards  of  7  times  its  volume  of  carbonic  oxide  gas,  which 
it  carries  about  with  it  evor  after.  The  discovery  of  this  absorbability 
of  carbonic  oxide  by  iron  has  an  important  bearing  upon  the  theory 
of  acicration.  Carbonic  oxide  (CM0*)  would  appear  to  be  actually 
absorbed  by  the  substance  of  the  iron,  and  then  decomposed  at  a 
different  temperature,  into  carbon  (C)  which,  entering  into  combi- 
nation with  the  iron,  converts  it  into  steel,  and  into  carbonic  anhydride 
(CO,)  which,  escaping  from  the  surface  of  the  iron,  gives  rise  to  the 
appearance  of  blistering. 

It  became  a  matter  of  interest  to  determine  whether  sidereal  iron, 
that  is  to  say  the  iron  of  meteorites,  contained  any,  and,  if  any,  what 
natural  gas.  Accordingly,  some  45  grammes,  or  6  cubic  centimetres, 
of  meteoric  iron  from  the  Lenarto  fall  were  heated  in  vacuo  for 
two  hours  and  a  half,  and  found  by  Mr.  Graham  to  give  off  16*5  cubic 
centimetres  of  gas,  which  consisted  substantially,  not  of  carbonic  oxide, 
but  of  hydrogen,  to  the  extent  at  least  of  85*5  per  cent,  of  the  entire 
yield  of  gas,  the  remainder  being  chiefly  nitrogen  and  carbonic  oxide. 
Tho  inference  that  the  meteorite,  at  some  time  or  other,  had  been 
ignited  in  an  atmosphere  of  which   the  prevailing  constituent  was 
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hydrogen,  is  obvious;  and,  judging  from  the  volume  of  gas  yielded, 
the  hydrogen  atmosphere  must  have  been  a  highly  condensed  one. 
For  even  under  ordinary  atmospheric  pressure,  telluric  iron  is  found 
to  absorb  but  somewhat  less  than  half  its  volume;  whereas  this 
sidereal  iron  furnished  fully  two  and  a  half  times  its  volume  of 
hydrogen.  It  16  known  that  Father  Secchi,  in  his  classification  of  the 
stars  according  to  their  spectra,  has  distinguished  one  class,  typified 
by  a  Lyra,  as  having  a  spectrum  which  is  essentially  that  of  hydrogen. 

VI. 

In  the  year  1823,  Mr.  Faraday  established  the  general  proposition 
that  a  gas  is  nothing  else  than  the  vapour  of  a  volatile  liquid  existing 
at  a  temperature  considerably  above  the  boiling  point  of  the  liquid ; 
and  that  the  condensing  points  of  different  gases  are  merely  the 
boiling  points  of  the  liquids  producing  them.  But  the  boiling  point 
of  a  liquid,  or  the  condensing  point  of  its  gas,  is  well  known  to  be 
not  a  fixed  point  of  temperature,  but  a  point  varying  with  the  pressure 
to  which  the  gas  or  liquid  is  subjected.  Accordingly,  every  one  of 
the  many  different  gases  known  to  chemists,  with  about  six  exceptions, 
has  been  actually  condensed  into  the  liquid  state  by  a  sufficient 
increase  of  pressure ;  whereby  the  existing  temperature  of  the  gas  has 
ceased  to  be  above  the  heightened  condensing  point,  or  boiling  point, 
corresponding  to  the  increased  pressure.  And  since  a  gas  cannot  be 
reduced  by  pressure  to  a  bulk  less  than  that  corresponding  to  the 
pressure  necessary  to  liquefy  it,  without  its  becoming  liquefied,  con- 
versely, the  reduction  of  any  gas  to  a  bulk  less  than  that  correspond- 
ing to  the  pressure  necessary  to  liquefy  it,  must  bo  taken  as  evidence 
of  its  liquefaction.  Hence,  from  the  extremely  minute  volume  which 
oxygen,  hydrogen,  and  carbonic  oxide  occupy,  when  occluded  for 
instance  in  silver,  platinum;  and  iron  respectively,  there  can  be  little 
doubt  but  that  these  gases,  though  included  among  the  half  dozen 
which  have  never  been  liquefied  by  direct  pressure,  do  nevertheless 
exist  in  the  liquid  state  when  occluded  in  the  above  metals ;  or,  at  any 
rate,  do  not  exist  in  the  gaseous  state. 

As  regards  the  nature  of  this  absorption  and  presumable  lique- 
faction of  gases  by  metals,  there  are  facts  which  seem  to  indicate  that 
the  phenomenon  is  related,  on  the  one  hand,  to  the  absorption  of  gases 
by  their  solution  in  liquids,  or  in  those  soft  solids  which  Mr.  Graham 
has  denominated  colloids ;  and,  on  the  other  hand,  to  the  absorption 
of  gases  by  their  condensation  in  the  minute  pores  of  hard  solids,  such 
as  compact  charcoal. 

[W.  0.] 
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WEEKLY  EVENING  MEETING, 
Friday,  May  24,  1867. 
John  Petkb  Gassiot,  Esq.  F.B.S.  Vice-President,  in  the 

A.  S.  Hebsohel,  Esq.  B.A.  F.E.A.8. 

On  the  Shooting-stars  of  the  Years  1866-67,  and  on  the  probable  Source  of 
certain  Luminous  Meteors  in  the  material  Substance  of  ti^e  Zodiacal 
Light. 

Regarded  as  an  exhibition  of  a  variable  phenomenon,  recurring  at  the 
end  of  every  eyele  of  nearly  thirty-three  years,  on  a  particular  date 
of  November,  the  meteoric  shower  witnessed  on  the  morning  of  the 
14th  of  November,  1866,  appears  to  have  been  a  fair  example  of  the 
averago  scale  of  the  November  meteors  at  one  of  their  principal 
returns.  While  it  incomparably  surpassed  all  the  commoner  displays 
of  shooting-stars  that  aro  known  to  have  occurred  daring  the  past 
period  of  more  than  thirty  years,  it  nevertheless  fell  considerably 
short  of  the  celebrated  meteoric  shower  seen  in  America  on  the 
morning  of  the  13th  of  November,  1833.  That  shower,  it  will  be 
remembered,  took  place  quite  unexpectedly,  whilo  one  of  the  dis- 
tinguishing features  of  the  recent  November  star-shower  was  that  it 
afforded  a  complete  verification  of  the  astronomical  theory  which  made 
their  return  expected  by  Olbers,  as  about  to  take  place  in  1867 ;  and 
more  recently  by  Professor  H.  A.  Newton,  who  anticipated  the  re- 
currence of  the  shower  in  18G6. 

Although  intended  only  to  guide  observation,  duo  notice  of  the 
shower  was  timely  given  by  Professor  Newton,*  to  the  effect  that  a 
considerable  star-shower  might  be  expected  to  take  place  on  the 
morning  of  the  14th  of  November,  1866.  On  the  eve  of  the  occur- 
rence the  well-timed  appeal  was  repeated  in  many  places  in  the  public 
papers,  and  a  wide-spread  and  very  intense  popular  interest  in  the 
phenomenon  was  excited.  In  England  circular  letters  were  addressed 
to  the  Members  of  the  Royal  Astronomical  and  Royal  Meteorological 
Societies,  by  their  respective  Presidents,  Mr.  Pritchard  and  Mr. 
Glaisher,  suggesting  to  observers  the  propriety  of  making  concerted 
observations  of  the  star-shower,  during  the  second  hour  after  midnight 
on  the  two  mornings  of  tho  13th  and  14th  of  November,  so  that  if 


*  '  American  Journal  of  Science/  2nd  series,  p.  60  d  teq. 


1867.1 


Shoothtg-gtars  of  the  Years  1 


5-67,  $c. 


165 


possible  a  number  of  the  metcorR  might  bo  simultaneously  observed 
at  distant  places.  On  the  first  of  those  mornings  the  sky  was  com- 
pletely overcast,  and  on  the  morning  of  the  14th  of  November  tho 
meteoric  shower  made  its  appcanmee  with,  cerUinly,  great  beauty,  but 
so  exactly  during  tho  hour  named  beforehand  for  simultaneous  ob- 
servations, that  many,  oven  of  the  most  zealous  of  the  confederated 
observers,  as  they  expressed  themselves,  "gave  up  recording,  and 
betook  themselves  to  counting." 

Accordant  duplicate  observations  could  hardly  bo  expected  to  bo 
obtained,  when  meteors  were  so  very  numerous,  and  were  so  strikingly 
uniform  as  to  size,  as  seldom  very  greatly  to  exceed  first  magnitude 
stars  in  brightness.  Of  fireballs  siiilieieutly  brilliant  to  have  attracted 
general  attention  (at  least  over  Great  Britain),  there  were  very  few. 
The  showor,  accordingly,  mot  with  less  favourable  observation,  as 
regards  ascertaining  the  absolute  altitude  of  the  meteors,  than  that 
which  was  observed  more  successfully  for  tbo  same  purpose  in  the 
previous  year,"  when  the  heights  and  velocities  of  several  meteors 
were  determined. 

One  observation  of  the  kind,  obtained  in  the  recent  meteoric 
shower,  will,Tiowover,  shortly  be  mentioned  in  detail.  On  the  other 
hand,  most  important  results  were  obtained  by  BIr.  Glaisher  at  Green- 
wich, f  Professor  Adams  and  Dr.  Challis  at  Cambridge,!  and  by  othor 
eminent  observers  and  astronomers,  both  at  home  and  abroad,  who 
gave  their  best  attention  to  the  subject.  Tho  vexed  question  of  where 
the  meteore  came  from,  was  thus  satisfactorily  disposed  of.  The  orbit 
of  the  meteoric  group  was  finally  determined ;  and,  lastly,  three  recent 
comets,  to  which  elosed  orbits  have  been  assigned,  now  rank,  almost 
eertainly,  as  forming  part  of  the  material  currents  which  give  rise, 
respectively,  to  the  meteors  of  tho  10th  of  August,  the  14th  of 
November,  and  the  20th  of  April.  The  November  star-shower  of 
1866,  accordingly,  bothjfor  tho  astronomical  premonition  which  it 
fulfilled,  and  for  the  novel  views  which  followed  it,  marks  a  now  era 
in  meteoric  astronomy,  not  unlike  that  which  dawned  upon  cometary 
nstronomy  when  Clairault  calculated  the  day  of  the  return  of  Halley's 
comet,  in  the  year  1759,  and  the  comet  appeared,  almost  punctually, 
at  the  appointed  t imo. 

In  America  tho  star-shower  on  tho  morning  of  the  14th  of 
November  last,  was  expected  to  be  visible  to  tho  best  advantage. 
Only  172  meteors,  however,  mostly  of  small  size,  were  counted  at  tho 
Washington  National  Observatory  on  that  morning,  during  an  interval 
of  two  hours  and  a  half  in  which  the  sky  was  clear ;  indicating  about 
the  same  rate  of  falling  as  on  the  preceding  night.  There  was  nothing 
peculiar,  either   in  colour  or  in   motion   observed.     At   Newhaven, 


•  '  British  Association  Report,*  1866,  p.  IM;  and  these  •  Notices,' 
t  See  Diagram  showing  toe  average  nutnKt  of  nnleors  per  minute  u 
wich.    'Muiillilf  Notiivs,  li.A.S.,'  vol.  xxvii.  P.  54. 
X  Ibid.  pp.  75  and  247. 
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U.S. A.,*  the  average  number  of  meteors  soon  by  one  person  of 
Professor  Newton's  staff  of  observers,  on  the  same  morning,  with  a 
beautifully  clear  sky,  was  about  thirty-eight  meteors  in  one  hour,  the 
average  number  on  the  preceding  night  having  been  from  sixteen  to 
twenty  meteors  in  an  hour.  So  great  was  the  disappointment  of 
astronomers  in  America,  who  confidently  expected  a  successful  view 
of  the  phenomenon,  that  a  telegram,  via  the  Atlantic  cable,  which 
appeared  in  the  New  York  '  Herald/  announcing  the  appearance  of 
the  shower  in  England,  could  hardly  bo  believed,  until  the  arrival  of 
the  English  newspapers  at  New  York  dispelled  the  doubts  of  its  cor- 
rectness. Owing  to  the  seasonable  notice  of  the  shower  finding  its 
way  by  various  channels,  into  overy  civilized  quarter  of  the  globe, 
observers  in  Europe,  and  elsewhere,  were  not  a  whit  less  expectant 
than  in  America ;  and  here,  at  least,  they  were  not  destined  to  be 
disappointed,  since  the  star-shower  was  everywhere  conspicuously 
seen,  and  witnessed  with  admiration.  The  following  extract  from 
a  letter  from  Syria,  published  in  the  New  York  ( Tribune '  of  the 
29th  of  December,  realizes  the  figurative  language  with  which  the 
early  Arabian  chroniclers  sought  to  adorn  their  description  of  the 
great  November  star-shower  of  the  year  a.d.  1202  : — 

"  I  have  just  received  the  Arabic  newspaper  of  this  week's  issue, 
and  find  in  it  the  following  news  about  the  meteors,  which,  for  your 
benefit,  I  will  translate  literally : — 

"  ( Beirut  Domestic  Intelligence. — There  has  preceded  this  a  notice, 
in  No.  431  of  our  journal,  of  the  falling  meteors  of  the  12th  and  13th 
of  November,  and  there  happened  a  marvellous  thing  of  the  kind  on 
the  night  of  tho  13th.  .  .  .  People  of  Beirut  saw  thousands  of 
these  meteors,  mixed  in  commotion  and  confusion,  and  they  compared 
their  extent  in  the  heavens  to  the  spreading  out  of  locusts  in  tho  sky. 
And  we  have  news  from  Damascus,  that  the  same  events  were  seen 
there,  and  they  compared  them  to  the  mighty  armies,  joined  in  a  fierce 
strife,  from  the  four  quarters  of  the  sky.     .     .     .' 

"  The  Arabic  journal  then  gives  a  very  fanciful  letter  on  the  subject 
from  one  of  tho  learned  men  of  Damascus,  the  scholar  Bolyman 
Effendi  Sooloh,  who  says : — 

"  '  In  this  post  night  the  stars  began  the  war  from  the  east  to  the 
west,  and  from  the  southern  to  the  northern  side.  They  dashed  at 
the  pace  of  fiery  steeds  and  ghouls,  so  that  you  could  not  distinguish 
the  Pleiades  from  the  Hyades  from  the  passing  of  the  meteors  across 
them,  and  the  intensity  of  the  brightness.  But  you  now  thought  that 
the  two  stars  in  Leo's  nose  had  been  dispersed,  and  the  two  fishes 
were  eclipsed  and  immersed,  and  the  spearman  of  Arcturus  had  for- 
gotten his  spear,  and  was  thinking  only  of  his  own  safety,  and  the 
Adhal  was  complaining  to  the  bright  daughters  of  Ursa  Major  about 
the  extent  of  his  wound,  and  the  lofty  pole  had  fallen  into  the  claws 
of  the  Eagle,  and  the  Hedrah  was  prostrate,  and  the  face  of  night  like 

*  €  American  Journal  of  Science,'  vol.  xliii.  pp.  78  ct  teg. 
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a  leopard's  akin  ;  anil  to  sum  up  all  the  heavens  were  like  a  sphere  of 
fire,  or  a  gloaming  of  sparks,  excepting  that  the  fire  and  spark*  were 
harmless,  not  touching  tlie  earth,  or  injuring  our  safety,  as  if  night's 
daring  horsemen,  who  continued  till  morning  beating  8Mb  Other  in 
single  combat,  gave  us  protection  and  peaee.  This  I  write  fur  his 
Excellency  our  Frinee,  the  Sultan  Ahdnl  Aziz  Klian.  May  Ood 
perpetuate  the  seat  of  his  government  to  the  end  of  the  world's 
revolution  I ' " 

The  sanio  letter  from  Syria  further  mentions  that,  "on  the 
morning  of  the  11th  (Sunday),  at  a  little  after  midnight,  some  young 
men  in  Beirut,  who  were  out  of  door.s,  saw  what  they  described  as  a 
rain  of  fire,  the  stars  seeming  to  have  got  loose,  and  to  be  running 
about  the  sky  in  disorder."  The  occurrence  of  such  a  companion 
shower  to  the  principal  display,  is  not  by  any  means  improbable,  and 
well  deserves  attention.*  The  meteors  on  the  morning  of  the  14th  of 
November  were  also  seen  in  Persia,  on  the  road  to  Ispahan.  | 

A  letter  from  Mr.  W.  Mastcrs.J  Professor  at  the  Kislinaghur 
College,  about  fifty-seven  miles  due  north  of  Calcutta,  in  India,  to 
Sir  John  Herschel,  "ives  the  following  description  of  the  shower  : — 

"  I  looked  out  about  half-past  four,  or  a  quarter  to  five,  and  .  .  . 
after  counting  fifty  in  about  five  minutes,  I  woke  up  four  other 
persons  to  witness  the  phenomenon,  and  to  give  aid  in  watching  and 
counting.  We  arranged  ourselves  looking  in  different  directions,  and 
as  each  saw  a  meteor  there  was  a  distinct  call  of  the  next  number, 
61,  52,  53,  &c;  the  stars  shooting  out  sometimes  faster  than  they 
could  be  counted.  Somo  were  lost  on  this  account,  .  .  .  yet  in 
less  than  half-au  hour  we  counted  420  ;  had  wo  been  all  together 
during  the  half-hour  wo  would  certainly  have  counted  more  than  500." 

The  meteors  were  visible  also  at  Sealkote,  and  at  Lahore.  Dawn 
::]>]>i;in>i;;,  Im'.voviT.  put  mi  i:)nl  t.n  the  diaphiy,  but  a  bright  meteor 
was  still  seen  at  Kislinaghur  after  daylight  hud  appeared. 

A  short  mite  of  the  phenomenon  at  Yokohama,  in  Japan,  and  a 
private  memorandum  from  Mr.  11,  V.  Marsh,  of  Philadelphia,  U.S.A., 
received  by  the  speaker,  are  as  follows,  and  eoncux  in  showing  that 
the  star-shower  was  not  visible  in  the  extreme  east  of  Asia  ; — 


iirin  to-..  ■ 
I  dill  r  In 


ildi,  that  another  meteoric 


fnmi  those  ot  Mil'  ilir-|>luy  ou  tin-  Htti  at  L'rbitio  ;  that  it 
numbs!    in  a  short  apeee    uf   lime,    t>cginuh]g    unexpectedly, 
suddenly."—'  I*e*  Moiidei,'   2nd  nor.  vol.  xi* 
writer  thata  great  mid  sudden  outburst  uf 


a  gloat 
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suddenly." — '  1a-»  )I"ii<l>-9,'    2nd  ser.  vol.  xii.  p.  044.       Privnte  letters  infomi  tlio 
UUt  a  great  mid  sudden  outburst  uf  "  hundreds  of  shooting-stars,"  hurting 
only  a  short  time,  but  to  sudden  aud  bright  m   to  be  terrifying,  wui  seen  at 
Xurwioh  shortly  before  bn  o'clock  *.«.,  ou  tlio  14th.     The  auue  was  Been 

BkfMnmt,  in  Kent,  "on  the  stroke  of  four  o'clock,"  ou  the  morning  of  the 

when  the  regular  shower  of  s\i-otine;-sturB  had  almost  censed  to  bo  watched.  Tho 
notes,  perhaps,  refer  to  one  mid  the  an  me  phenomenon,  which  must  have  taken 
|>l«e  al-out  four  o'clock  on  the  morning  of-thc  14th.— VA.  S.  H-] 

t  '  Lo  Mnndes/  2nd  ser,  vol.  liii.  p.  451. 
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"  Yokohama,  17th  November,  1866. — I  looked  out  for  shooting 
stars,  but  it  rained  and  blew  so,  that  no  Btars  could  be  seen  till  the 
morning  of  the  14th,  and  then  nothing  was  to  be  seen  bat  one  or  two 
odd  ones.  —  (J.  P.  L.  MacleAr)." 

''Philadelphia,  22nd  March,  1867. -B.  E.  Lewis,  Dep.  U.  S. 
Consul  General  at  Shanghai,  writes  to  me,  under  date  of  the  29th  of 
November,  that  he  had  not  heard  that  any  unusual  display  had  been 
observed  there. — (B.  V.  Marsh)." 

The  easternmost  limit  of  visibility  of  the  shower  is,  indeed,  very 
clearly  defined,  by  the  above  description  of  the  phenomenon  at 
Eishnaghur,  about  the  Bengal  Presidency  of  India. 

The  star-shower  was  well  observed  at  the  Cape  of  Good  Hope 
Observatory,  in  South  Africa,  by  Mr.  G.  W.  H.  Macleex.*  The 
shower  was  at  its  height  at  twelve  minutes  past  two  o'clock  (Cape 
time),  corresponding  to  two  minutes  before  one  o'clock  Greenwich 
time ;  and  a  brief  letter  from  Sir  Thomas  Maclear  ('  Edinburgh 
Quarterly  Review,'  Jan.  1867,  p.  258)  gives  the  following  graphic 
account  of  its  appearance  : — 

"  In  the  early  part  of  the  night  of  the  13th,  few  meteors  or  shooting 
stars  appeared.  At  lh.  3m.  a.m.,  on  the  14th,  the  volcano  burst  forth, 
with  awful  grandeur,  from  the  neighbourhood  of  Regains ;  orange- 
coloured  meteors,  leaving  streaks  of  green,  mingled  with  ordinary 
looking  shooting  stars  dashing  along  in  a  south-westerly  direction. 
The  scene  was  beyond  description,  and  thus,  with  little  variation,  the 
projectiles  continued  till  daylight.  The  total  number  counted  amounts 
to  two  thousand  seven  hundred  and  forty-two." 

At  Athens,f  Rome,}  Turin,§  Paris, ||  Brussels, T  and  throughout 
the  continent,  good  observations  of  the  star-shower  were  made.  At 
Malta  the  meteors  appeared  falling  like  a  shower  of  hail.  At  Urbino, 
in  Italy,  they  were  compared  to  a  flight  of  handgrenades,  and  at 
Saragossa,  in  Spain,  they  reminded  tho  inhabitants  of  the  bombard- 
ment of  the  town.  At  Haddingham,  in  England,  Mr.  Dawes  compared 
the  shower  with  that  which  he  witnessed  at  Ormskirk  near  Liverpool, 
on  the  13th  of  November,  1832.**  But  tho  meteors,  in  1866,  were  not 
so  large  as  on  that  occasion.  At  the  Royal  Observatory,  Greenwich, 
the  shower  first  reached  its  maximum  at  seven  minutes  past  one 
o'clock,  and  it  was  most  intense  for  tho  space  of  an  hour  and  a  hal£ 
from  half-an-hour  after  midnight  until  two  o'clock  ;  before  and  after 
which  times  the  scale  of  tho  phenomenon  hardly  exceeded  a  con- 


*  Royal  Astronomical  Society's  *  Monthly  Notices/  vol.  xxviL  p.  65. 
t  Vienna  Academy,  Sitzungsbericht^  vol.  liv.  pt.  ii.  6tu  Doc.  1866. 
%  Bullcttino  Meteorologico  del  Collogio  ltomano,  vol.  v.  p.  121. 
§  S telle  Cddenti  osscrvatc  in  Ficmonte,  nel  1866.    By  P.  Bamabita.    Turin, 
1867,  p.  25. 


||  *  Comptes  Rendus,'  vol.  xliii.  p.  906. 

<|[  Bulletins  de  T Academic  Royale'de  Belgique,  2nd 


ser.  vol.  xxii.  No.  12, 
1866. 

**  *  Monthly  Notices,'  B.A.S.  vol.  xxvii.  p.  48. 


r 


1867.] 


Shaoting-ttars  of 'the  Tears  I860. 


siderablo  August  shower.  The  altitude  of  the  radiant  point  at  the 
last-named  hour,  was  thirty-three  degrees  abovo  the  east  horizon ; 
and  as  the  shower,  as  was  already  mentioned,  was  not  visible  in 
America,  snine  thirty  degrees  of  longitude  west  of  Greenwich,  in  the 
Atlantic  Ocean,  probably  terminated  the  visibility  of  the  shower 
towards  the  west. 

The  geographical  limits  of  visibility  of  the  star-shower  of  1866, 
it  will  at  once  be  seen,  coincide  with  the  area  over  which  the  Novem- 
ber meteors  appeared  in  1832,  Tho  latter  shower  was  seen  as  for 
south  as  tho  Mauritius,  as  far  east  an  Arabia  and  the  Persian  Gulf, 
and  over  the  whole  continent  of  Europe,  with  the  Iiritisli  Isles,  but  it 
was  not  visible  in  America.  It  was,  moreover,  a  moderate  display, 
but  it  was  followed,  twelvo  months  later  in  America,  by  the  great 
storm  of  meteors  which  suddenly  appeared  on  tho  morning  of  tho 
13th  of  November,  1833.  The  recent  exhibition  may  therefore  be 
regardod  as  the  prcludo  of  a  similar  meteor-rain  in  America,  perhaps 
partially  visible  in  Europe,  as  great  and  bright  as  the  two  star-storms 
seen  in  America,  and  partially  visible  in  Europe,  in  the  years  1799 
and  1833. 

Unless  unforeseen  curvatures  of  the  meteoric  current  disturb  the 
geographical  boundaries  of  tho  display,  the  first  symptoms  of  tho 
approaching  star-shower  will  be  perceived  at  day-break  in  England, 
on  tho  morning  of  the  Hth  of  November,  18117,  when  the  light  of  tho 
moon,  then  three  days  past  the  full,  and  of  dawn  appearing,  will 
detract  something  from  the  numbers  and  brightness  of  tho  meteors. 
But  the  same  oscillation  of  the  curves  in  an  opposite  direction,  it 
should  bo  borne  in  mind,  will  bring  Great  Britain  into  full  viow  of 
tho  centre  of  tho  shower,  and  make  the  principal  spectacle  of  the 
meteors  visible  in  Europe  before  day-break,  as  well  as  in  America. 

A  leading  feature  of  the  great  display  in  1866,  was  the  sur- 
prisingly brief  duration  of  the  shower,  and  tho  almost  sudden  rapidity 
of  its  appearance  and  disappearance.  Speaking  of  the  remarkable 
scarcity  of  meteors  on  the  morning  of  tho  loth,  Sir.  Serpiori  at  Urhino 
writes  to  Mr.  Sccchi  at  Rome  : — "I  began  to  doubt  whether  even  the 
ordinary  meteors  of  tho  November  epoch  would  not  this  year  bo 
altogether  wanting.  But  in  tho  end,  it  seemed  as  if  all  those  ordinary 
mctoors  had  gathered  themselves  together  into  ono  dense  array,  to 
make  their  transit  in  the  shortest  possible  time!"*  Tho  definable 
character  of  tho  shower  led  to  a  large  nnmber  of  accurate  observations 
being  made,  on  the  moment  of  its  maximum  abundance.  This  was 
generally  observed  in  England  to  have  taken  place  first,  about  ten 
minutes  past  one  o'clock  ;  while  a  second  maximum,  hardly  less  marked, 
was  observed  at  twenty  minutes  past  one.  At  the  Cape  of  Good  Hope 
Observatory  the  shower  reached  its  maximum  at  two  minutes  beforo 
one  o'clock  (Greenwich  time),  and  afterwards  pretty  steadily  and  very 
rapidly  declined.     Tho  difference,  which  amounts  to  about  a  quarter 
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of  an  hour,  is  easily  explained,  if  the  obliquo  direction  is  considered, 
in  which  the  earth  at  this  juncture  traversed  the  meteoric  current 
The  radiant  point  of  the  shower  was  determined  on  this  occasion  with 
more  than  ordinary  exactness,  and  few  observers  diner  for  from  fixing 
it  near  the  small  star,  x  (Bode)  at  the  centre  of  Leo's  sickle,  being  the 
very  position  assigned  to  it  by  Professor  Twining,  at  the  last  great 
appearance  of  the  shower  on  the  13th  of  November,  1883. 

It  was  early  pointed  out  by  Encke  that  this  position  of  the  radiant 
point  is  almost  vertically  over  the  point  of  the  ecliptic,  towards  which 
the  earth  is  moving  at  the  moment.  Supposing  a  pointer  laid  against 
a  flat  horizontal  ring,  to  indicate  the  direction  in  which  the  earth  is 
moving  in  its  orbit  on  the  14th  of  November.  If  the  pointer  is  then 
inclined  a  little  upwards  (about  10}  degrees),  it  indicates  the  position 
of  the  radiant  point,  or  the  direction  from  which  the  meteors  appear 
to  come.  But  as  the  earth  itself  is  advancing  to  meet  the  Bhower,  the 
real  slope  of  the  meteoric  current  is  less  oblique  (about  17°)  than  it 
appears  to  be,  at  the  point  of  the  ecliptic  where  the  earth  encounters  it 
The  southern  side  of  the  earth  must  evidently  meet  the  sloping  current 
first,  after  which  tho  equatorial  parts,  and  lastly  the  northern  side  of 
the  earth,  will  be  plunged  into  the  stream.  Twenty-four  minutes 
would  be  required  for  the  whole  earth  to  become  immersed,  and 
thirteen  minutes  should  elapse  (which  was  very  nearly  the  interval 
observed)  from  the  time  when  the  maximum  display  was  experienced 
at  the  Gape  of  Good  Hope,  until  the  like  should  be  perceived  in 
England.  A  more  favourable  opportunity  could  hardly  have  been 
expected  for  turning  such  observations  to  account;  and  tho  general 
modo  of  apprehending  the  phenomenon  is  shown  to  be  substantially 
correct,  by  the  satisfactory  manner  in  which  they  answer  to  the  test. 

In  twenty-four  minutes  the  whole  width  of  the  earth's  diameter 
would  enter  the  stream.  As  the  denser  part  of  tho  shower  lasted  an 
hour  and  a  half,  its  thickness  was  nearly  equal  to  four  diameters  of 
the  earth,  or  about  30,000  miles. 

Only  two  or  three  of  the  brightest  meteors  observed  at  any  one 
station,  were  brighter  than  the  planets.  One  such  was  seen  after 
sunrise  at  the  Observatory  at  Athens.  An  equally  bright  meteor 
was  seen  by  Mr.  Crumplen  as  late  as  nine  o'clock  in  the  morning,  at 
Primrose  Hill,  in  London.  The  scale  of  magnitudes  of  eighty-one 
meteors,  whose  paths  were  recorded  by  the  speaker,  with  the  assistance 
of  Mr.  A.  Macgregor,  at  the  Glasgow  Observatory,  were  as  follows  : — 

As  bright  as  Jupiter,  or  brighter ...      2  meteors  =     3  per  cent. 

As  bright  as  Siriua 14       ,,        =17       „ 

1st  mag.  stars 39       „        =  48       „ 

2nd  mag.  stars     ....  26       „        =32       ,, 

81  100 

The  meteors  were  in  general  white,  occasionally  inclining  to  bine, 
and  frequently  to  tints  of  orange-red.  Every  meteor  left  a  peculiarly 
hard  and  solid-looking  straight  streak  of  light  upon  its  whole  course, 
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ahead  of  which  the  head  was  occasionally  observed  to  shoot  in  its 
flight,  Tory  seldom  leaving  any  largo  sparks  upon  its  track,  and  rarely, 
if  ever,  terminating  with  an  explosion,  but  unppi-ai'iiiL;  by  i]i;;i\.  s, 
as  if  the  material  substance  at  the  meteor  was  expended.  The  steaks 
were  dance-like,  tapering  to  the  extremities  ;  and  commonly  faded  in 
a  few  seconds,  from  the  cuds  towards  the  centre,  without  losing  their 
lance-like  form.  But  in  the  case  of  a  good  many  streaks  which 
remained  visible  for  some  minntea,  the  most  persistent  part  of  the 
train  diffused  itself  into  spiral,  snake-like,  seyinitar-shaped,  and 
every  possible  variety  of  nebulous-looking  clouds,  of  silvery  white, 
or  in  some  very  long-enduring  cases,  of  flame-coloured  light.  Of 
the  latter  kind  was  the  stationary  streak  over  Dundee,  in  Scotland, 
whose  real  height  and  p-sition  arc  described,  approximately,  on  the 
next  page.  Dr.  Schmidt  describes  a  streak  at  Athens,  which  remained 
visible  in  the  sky  fifty-ono  minutes,  like  a  red  cumulus  cloud,  only 
effaced  by  the  approach  of  daylight.  The  evident  tendency  of  the 
most  persistent  streaks  seen  in  England,  was  to  drift  with  a  pretty 
rapid  motion  towards  the  south,  or  to  a  few  points  west  of  south,  until 
they  disappeared.  A  very  persistent  liglit-clnud  loft  by  a  large 
meteor  of  the  shower  in  America  on  the  13t!i  of  Novembor,  1833,  was 
calculated  by  Professor  Twining  to  have  drifted  from  its  place  east- 
wards with  a  speed  of  three  or  fonr  miles  in  a  minute. 

An  inquiry  projected  last  year,*  with  reference  to  analyzing  tho 
light  of  the  meteors  by  their  spectrum,  was  put  in  practice ;  and 
meteoric  spectra  were  observed  both  on  the  nights  of  the  I'l.h  and 
10th  of  August,  and  on  the  morning  of  the  14th  of  November,  1806, 
Meteor  spectroscopes  were  constructed  by  Mr.  Drowning  in  good 
time  for  the  first  of  those  occasions,  and  seventeen  views  of  tho 
spectra,  of  tho  meteor  streaks  and  nuclei  were  obtained.  The  pre- 
vailing character,  in  tho  froshly  dcpusiltd  streaks,  was  a  continuous 
spectrum  of  considerable  width,  but  destitute  of  colour.  But  as  soon 
as  some  of  tho  streaks  began  to  fade,  in  eight  cases  there  romaincd 
nothing  but  an  extremely  slender  and  bright  yellow  line  of  light, 
manifestly  the  light  of  some  self-luminous  gas,  of  which  the  nearest 
analogue  in  terrestrial  names  is  the  light  of  incandescent  sodium 
vapour.  Tho  spectra  of  the  nuclei  generally  presented  all  the 
brighter  colours  of  the  prismatic  spectrum.  When  feeble,  the  spec- 
trum was  Still  continuous,  although  destitute  of  colour,  but  three 
examples  of  nuclei  were  observed,  which  presented  nearly  homo- 
geneous yellow  light ;  one  entirely  destitute,  and  the  other  two 
aei panied  only  bv  a  very  faint  continuous  spectrum. 

The  nuclei  of  the  November  meteors  presented  to  Mr.  Browning 
tho  same  peculiar  features  in  the  spec!  rose upo  as  those  which  the 
speaker  hail  already  noted  in  the  spectra  of  the  nuclei  of  the  August 
moteors;  namely,  a  m;uk<  d  preponderance  of  a  line,  or  broad  band  of 
yellow  light,  which  sometimes  appeared  to  form  the  totality  of  their 
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spectrum ;  with  the  addition  that  two  nuclei  were  observed  by  Mr. 
Browning,  among  the  November  motoors,  whoso  light  was  equally 
homogeneous,  but  green.  The  light  of  tho  streaks,  which  was 
mostly  blue,  green,  or  steel-grey,  generally  appeared  homogeneous," 
and  this  observation  the  speaker  was  able  to  confirm.  Although  tho 
experiments  presented  peculiar  difficulties  from  the  rapidly-fading 
character  of  the  light-strcakR,  yet  tho  homogeneous  appearance  of  the 
light  of  tho  Noveml>er  meteor-streaks  in  the  apectroscojie  was,  in 
certain  cases,  so  unequivocal,  that  their  bluish-green  colour  imme- 
diately suggested  to  him  the  suspicion,  which  was,  at  the  time,  nothing 
more,  but  which  now  appears  highly  probable,  that  an  analogy  exists 
between  their  light  and  that  of  the  gaseous  nebube,  and,  particularly, 
of  the  nucleus  of  Tompel's  comet. 

The  principal  residt  of  tho  mcteor-specirnseopic  observations  was, 
that  the  total  absence  of  tho  presumed  bright  line  of  sodium  in  tho 
spectra  of  the.  streaks  of  the  November  meteors  establishes  a  specific 
difference  between  the  meteoric  substances  of  tho  two  currents,  to 
which  tho  August  and  November  shooting- stars  belong. \ 

Observations  of  one  of  the  largest  meteors  of  the  shower  were 
obtained  at  Sunderland,  in  England,  and  at  Edinburgh,  Aberdeen,  and 
Glasgow,  in  Scotland.}  Tho  meteor  appeared  at  twenty  minutes 
before  thrco  o'clock,  and  the  streak,  to  which  the  observations  princi- 
pally refer,  remained  visible  a  quarter  of  an  hour.  The  nebulous 
eloud  of  light  very  nearly  marked  the  point  of  disappearance  of  the 
meteor,  and  its  altitude  was  ascertained  to  l>o  between  fifty-one  and 
fifty-soven  miles  above  the  earth's  surface,  over  a  spot  a  few  miles 
distant  from  Dundee. 

In  a  series  of  letters  addressed  to  Padro  Secchi,  the  celebrated 
astronomer  of  Rome, 5  shortly  before  the  recent  appearance  of  the 
November  shower,  a  fortunate  theory  of  peril  >dh-:d  meteors,  announced 
by  Sig.  G.  V.  Sehiaparclli,  tho  astronomer  of  tho  Brora  College  at 
Milan,  completely  removes  the  obscurity  of  their  origin,  and  claims 
for  its  distinguished  author  the  praise  of  having,  for  the  first  time 
since  tho  cosmical  hypothesis  of  Chladni,  laid  a  brood  and  suro 
foundation  for  a  new  science  of  meteoric  astronomy. 

Supposing  that  a  covin i nil  cloud  nf  particles  should  bo  drawn  from 
stollar  space  by  the  sun's  attraction,  it  is  Bhown  that  it  could  not 
cross  the  earth's  orbit  in  any  other  form  than  as  a  parabolic  current. 

*  '  Monthly  Notices,'  R.A.S.  vol.  xxvii.  p.  78. 

t  The  ciratigi"  lint  nf  1 1  n  ■  uiu'liu*  ui  Ouu-t  IL  lh>52  (now  supposed  to  be  ■ 
member  of  tlie  unit.  in. I  .■  li  i  r.  ■  i  it  wl,i.'li  tmiii  Ins  the  .Viii/iir-t  rui-.-ltnri''  .n'l-iim.il  ti. 
tlie  writer na  being  very  ivruurkulile  1  ■  - 1 1  l- ■  n.itfilcy",  nl  flu' time  of  its  niipenmnee. 
It  waunnktl  nitli  llic  ti-liwi>]ji>  bv  Mr  Ku.-tl.  in  liis  ■  Obyrv;iti.>ns  of  the  Comet 
at  the  Woodauft  lH.i--rv,Ltuiv,  Curklii-U,  Sn-.-i.'  S.^l-  'M..iillilv  Notices,'  H.A.ii 
vol.  xsiii.  p.  31. 

J  'ProciiiliiiKif  of  tin?  Glasgow  riiih....|iliie;il  Surietv,"  vol.  vi.  p.  207. 

g  ' Bulk'ttiiio  Meteorolnjjicu  ik-1  ColU-srio  Itoinnuo,'  vol.  V.  Noe.  8,  10,  11,  12, 
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Assuming,  for  example,  that  such  a  cloud,  of  the  sun's  size,  was 
originally  muring  at  un  aphelion  distance  of  20,000  times  the  earth's 
distance,  from  tho  sun,  with  a  velocity  of  only  one  hundred  yards  in  a 
minute,  and  with  no  relative  motions,  or  mutual  attractions,  oriBting 
among  its  particles,  the  cloud  wonld  represent  at  that  distaneo  a 
nebula  of  only  one-tenth  of  a  second  of  arc  in  angular  width.  In 
about  one-and-a-half  million  years  the  cloud  would  arrive  at  less  than 
the  earth's  distance  from  the  son,  being  then  in  the  perihelion  point 
of  its  orbit,  which  would  there  ho  midistiu^utshiiulc  from  a  parabola. 
By  the  inevitable  laws  of  tho  sun's  attraction,  the  cloud  will  bo 
gradually  deformed  in  its  progress,  until  on  the  point  of  its  perihelion 
passage  it  will  become  a  current  twenty- three  miles  broad,  one  hundred 
yards  deep,  in  a  direction  measured  from  the  sun,  and  extending 
upwards  of  six  handled  millions  of  miles  along  the  arc  of  the  parabola. 
The  perihelion  passage  of  tho  current  will  occupy  more  than  a  year 
(387  days)  and  its  particles  will  be  four  hundred  million  times  more 
clostdy  packed  together  than  they  were  in  (he  eosmieal  cloud  before 
its  deformation  by  the  sun's  attraction.  As  there  are  nebula)  in  the 
sky  larger  than  the  sun's  apparent  disc,  if  that  width  only  were 
adopted  for  tho  apparent  magnitude  of  the  eosmieal  cloud  at  its 
aphelion,  it  would  bo  transformed  into  a  parabolic  current,  which 
would  occupy  twenty  thousand  years  in  its  perihelion  passage  The 
transverse  width  of  the  current  would  at  tho  same  time  be  pro- 
portionately greater  than  in  tho  previous  case,  yet  not  so  large  but 
that  the  earth  will  pass  through  it  in  a  few  hours,  or  at  most,  in  one 
or  two  days.  Iu  this  manner,  avoiding  all  impossible  assumptions, 
meteoric  currents  may  clearly  be  accounted  for,  which,  like  that  of 
August,  have  been  visible  for  hundreds  or  thousands  of  years. 

On  the  other  hand  a  meteoric  stream  like  that  of  November,  which 
is  visible  for  two  or  three  years  in  succession  at  tho  end  of  every  cycle 
of  about  thirty-three  years,  must  be  moving  in  a  very  much  shorter 
ellipse,  and  must  occupy  a  certain  arc  of  that  ellipse  with  the  requisite 
materials  for  a  meteoric  shower.  Mr.  Lc  Verrier  supposed  *  that  a 
eosmieal  cloud,  like  those  assumed  to  exist  by  Mr.  Schiaparelli,  was 
thrown  into  such  an  elliptic  orbit  by  the  action  of  the  planet  Uranus, 
and  that  the  cloud  must  actually  have  pasai  A  close  to  Uranus  in  the 
year  a.O.  120.  The  action  of  the  planet  having  caused  some  of  its 
parts  to  move  faster  than  tho  rest,  the  cloud  is  gradually  becoming 
transformed  into  a  ring,  but  it  is  not  yet  such  an  ancient  member  of 
the  solar  system  as,  if  tho  same  kind  of  hypothesis  could  in  that 
case  be  entertained,  Mr.  Le  Verrier  supposes  the  ring  of  the  August 
meteors  to  represent. 

It  may  bo  remarked  that  the  earth  passes  periodically  through  the 
current  of  the  November  meteors,  without  sufficient  attractive  efficacy, 
while  scattering  some  of  tho  meteors,  to  deflect  tho  main  body  of  the 
current  from  its  course.     That  the  earth,  however,  in  common  with 
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the  larger  planets,  must  produce  a  sensible  effect  upon  the  direction  of 
the  stream,  is  certain  ;  and  Mr.  Adams  has  shown,*  as  the  result  of 
very  elaborate  calculation,  that  assuming  the  orbit  of  the  November 
meteoric  current  to  be  a  long  ellipse  extending  to  near  the  orbit  of 
Uranus,  with  a  periodic  time  of  33  *  25  years,  the  joint  effect  of  all  the 
more  important  planets  upon  its  course,  must  be  to  retard  the  date  of 
the  appearance  of  the  shower  one  day  at  the  end  of  every  such  cycle. 
The  modern  November  star  showers,  of  the  12th  of  November,  1799,  the 
13th  of  November,  1832,  and  1833,  and  the  14th  of  November,  1866,  is 
well  as  the  much  more  decisive  ovidence  derived  from  earlier  displays 
of  the  same  shower  completely  establish  the  correctness  of  this  hypo- 
thetical form  of  the  orbit ;  while  other  calculations  show  that  no  other 
possible  orbit  which  the  meteors  might  pursue  consistently  with  the 
existence  of  a  thirty-three-year  period  in  the  date  of  their  retnrni, 
would  agree,  as  the  former  orbit  does,  in  a  precise  and  accurate  manner, 
with  the  very  prominent  variation  of  the  date. 

Periodical  meteors  aro  accordingly  found  to  move  in  very  eccentric 
orbits,  inclined  liko  the  orbits  of  the  comets  at  all  possible  obliquitiei 
to  the  ecliptic.  Nor  is  this  similarity  of  their  orbits  merely  a  con* 
jecturo.  In  the  fourth  of  his  series  of  letters  to  Padre  Secchi,t  Mr. 
Schiaparelli  announces  the  important  discovery,  that  a  oonspicuou 
and  well-remembered  comet  (Comet  III.,  1862),  which  was  visible  to 
the  naked  eye  for  several  weeks  in  August  and  September,  1862,  and 
which  Stompfer  calculated  to  have  a  periodic  time  of  113  years,  coin- 
cides almost  exactly  in  its  path  with  the  stream,  supposed  nearly 
parabolic,  of  the  Perseids,  as  the  10th  of  August  meteors  are  styled 
by  Schiaparelli. 

A  period  of  revolution  of  108  years  is  assigned  to  the  August 
meteors  by  Schiaparelli,  and  one  of  103  years  was  proposed  by  the 
speaker}  last  year,  as  bringing  the  August  star-showers  of  aj>.  83% 
933, 1243,  and  1451,  into  conjunction  with  the  remarkable  star-shower 
of  the  10th  of  August,  1863.  The  near  coincidence  of  the  time  of  the 
comet's  return  with  the  last-named  great  display  of  the  "  Perseids," 
affords  a  strong  presumption  that  a  connection  of  an  intimate  kind  exists 
between  the  two  important  classes  of  bodios.  Not  less  striking  is  the 
coincidence  of  the  return  of  another  periodical  comet  (Comet  I.,  1866), 
known  as  Tempers  comet,  visible  with  the  telescope,  which  passed  ill 
perihelion  in  January,  1866,  with  the  recent  reappearance  of  the 
November  meteors.  The  November  meteors  and  Tempel's  comet,  as 
calculated  by  Oppolzer,  pass  at  the  same  time  close  to  the  earth's  orbit, 
at  the  same  ecliptic  longitude,  at  the  same  obliquity  to  the  ecliptic, 
and  in  the  same  direction  round  the  sun.  The  periodic  time  of  their 
return  is  also  the  same,  so  that  their  orbits  must,  evidently,  coincide 
throughout  their  whole  extent.     Dr.  Galle,  the  director  of  the  Obser- 

*  *  Monthly  Notices,  R.A.S/  vol.  xxvii.  p.  247. 

t  '  Bullettino  Meteorologico  del  Collegio  Romano/  vol.  v.  No.  12. 

%  Proceedings  R.I.  vol.  iv.  p.  0*0. 
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vatory  at  Breslau,  baa  recently  pointed  out  a  coincidence  which  exists 
between  the  elements  of  the  orbit  of  a  comet  (Comet  I.,  1861)  visible 
to  the  naked  eye,  and  the  orbit,  supposed  nearly  parabolic,  of  the 
moteors  of  the  20th  of  April.  The  closeness  of  the  coincidence 
makes  it  probable  that  the  periodic  time  of  415  years,  assigned  to 
the  comet,  is  also  the  periodic  time  of  revolution  of  the  April  ring  of 
meteors. 

Of  remarkable  meteors  visible  in  the  past  year,  although  only 
twice  as  bright  as  Sirius,  one,  having  an  extraordinary  length  of  path, 
appeared  at  ten  o'clock  on  the  evening  of  the  11th  of  January,  1866. 
It  shot  almost  horizontally  across  the  English  Channel  from  eighty- 
five  miles  over  Paris  to  ninety-five  miles  over  Cork,  performing  a 
path  of  not  less  than  four  hundred  and  fifty  miles  in  about  six  or 
eight  seconds.*  The  most  experienced  observers  were  astonished  at 
the  length  of  its  luminous  track,  and  compared  it  to  "  a  bombshell 
fired  from  London  into  Ireland." 

At  midnight  on  the  10th  of  March,  1866,1  a  detonating  meteor 
was  seen  in  Hanoverian  Prussia,  which,  the  investigation  of  Dr.  Heis 
informs  us,  shot  from  thirteen  miles  over  Miete  to  three  miles  and  a 
half  over  Liibbecke,  a  distance  of  thirty  miles,  in  four  or  five  seconds, 
with  a  speed  of  seven  miles  in  a  second.  The  detonation  was  so  loud 
at  Lubbecko  as  to  awaken  many  from  their  sleep,  with  the  noise, 
which  was  like  a  clap  of  thunder. 

A  similar  meteor  to  the  last  appeared  at  eleven  o'clock  in  the 
forenoon  (Paris  time)  on  the  20th  of  June,  1866,  over  Calais  and 
Boulogne.  -It  left  a  smoke-like  train,  that  remained  visible  in  broad 
daylight  for  several  minutes.} 

The  path  of  this  fireball  was  from  fifteen  miles  over  Calais  to  four 
and  a  half  miles  over  the  neighbourhood  of  Boulogne  and  Montreuil- 
in-Somme.  The  meteor  pursued  a  path  of  thirty  miles  in  three  and  a 
half  seconds,  with  a  speed  of  eight  or  nine  miles  in  a  second,  dis- 
appearing with  a  detonation  which  was  heard,  startlingly  loud,  as  far 
as  Maidstone  in  Kent,  and  Hastings  in  Sussex.  At  St.  Omer  it  was 
at  first  believed  that  the  neighbouring  powder-mill  of  Esquerbes  had 
exploded. 

Three  detonating  meteors,  to  which  allusion  was  made  last  year,§ 
made  their  appearance  in  England  between  the  19th  and  the  21st  of 
November,  during  the  five  years  1861-65.  The  altitudes  and  other 
particulars  of  these  meteors  were  defined.  A  fourth  detonating  fireball 
may  now  be  added  to  the  same  list,  if  the  following  announcement  in 

*  'British  Association  Report,'  1866,  pp.  84  and  126.  Azteen  at  Ticehurst,  in 
Sussex,  the  meteor  passed  over  160°  of  the  sky,  appearing  very  near  the  horizon 
in  the  east,  shooting  overhead,  and  disappearing  close  to  the  west  horizon. 

t  Twenty  minutes  after  midnight,  on  the  morning  of  the  11th  of  March, 
Miinster  time.  A  pamphlet  by  Prof.  Heis,  with  map  of  meteor's  course  (8vo, 
Halle,  1866,  H.  W.  Schmidt). 

X  British  Association  Report,  1866,  pp.  126  and  128. 

§  Proceedings  R.I.  vol.  iv.  p.  649. 
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the  Now  York  'World'  of  the  24th  of  November,  1866,  relates  to  a 
"  meteorological  phenomenon "  which  actually  took  place  as  there 
described : — 

"  At  Nashville,  about  four  o'clock  last  Tuesday  morning  (the  20th 
of  November,  1866),  a  meteor,  lighting  the  whole  heavens,  was  seen  in 
the  direction  of  Rome,  Ga.,  moving  rapidly  south-west.  It  appeared 
like  a  ball  of  fire  as  large  as  the  sun.  It  exploded  apparently  ten 
miles  off,  with  a  tremendous  report,  like  a  401b.  cannon,  that  shook  the 
earth,  and  made  the  windows  rattle." 

In  addition  to  two  stonefalls,  alluded  to  last  year,*  which  happened, 
one  at  Shergotty,  in  India,  and  the  other  at  Aumalo,  in  Algeria,  on 
the  25th  of  August,  1865,  three  other  stonefalls  took  place,  one  an 
aerolite  weighing  about  51bs.,  which  fell  at  Dundrum,f  in  Ireland,  with 
the  usual  accompaniment  of  a  dotonation,  followed  by  a  humming 
sound,  on  the  12th  day  of  tho  same  month  and  year.  The  second  wis 
an  aerolite  weighing  about  31bs.,  which  fell  at  Bhoenwall,}  in  Bengal,  on 
the  20th  of  August ;  and  the  third,  a  fall  of  two  stones  at  Maddoor,§  in 
India,  on  the  7th  of  September  in  the  same  year,  making,  with  the  two 
stonefalls  already  mentioned,  a  total  of  five  aerolites  in  four  weeks. 

The  next  accounts  of  tho  same  kind  which  have  been  received 
relate  to  a  stonefall  at  St.  Mcsmin,  in  France,  on  the  30th  of  May, 
1866,  followed  in  ten  days  by  the  shower  of  stones  at  Knyahinya,  in 
Hungary,  on  the  9th  of  June,  1866.  At  St.  Mosmin,  in  the  valley  of 
the  Seine,  there  fell,  about  four  o'clock  in  the  morning,  three  aerolites, 
one  of  them  with  such  a  clattering,  and  buzzing,  and  shrieking  sound, 
that  a  signal  man  in  the  railway  cutting,  where  it  fell,  remained  for 
some  time  mute  with  affright. 

Tho  stone  when  picked  up  woighed  lib.,  and  a  small  indentation, 
about  half-an-inch  in  width,  with  a  fresh  surface,  covered  with  thin 
thread-like  lines  of  the  fused  crust,  marks  a  spot  where  an  angle  must 
have  been  broken  off  from  the  meteorite  during  its  flight  through 
the  air.  || 

The  second  and  last  stonefall  recorded  in  the  year  is  the  shower 
of  stones  which  happened  between  four  and  five  o'clock  in  the  after- 
noon at  Knyahinya,  near  tho  northern  frontier  of  Hungary .f  It 
ranks  as  one  of  the  greatest  events  of  the  kind,  since  the  fall  of  about 
two  hundred  stones  at  Stannern,  in  Moravia,  which  strewed  them- 

*  Proceedings  R.I.  vol.  iv.  p.  649. 

t  Scientific  Papers  from  the  Royal  Irish  Academy's  Proceedings,  voL  i.  p.  2301, 

X  British  Association  Report,  18<j6,  p.  133. 

§  *  Meteors  and  Aerolites.'    IJy  Dr.  Phipson,  p.  227. 

||  'Cbmptes  Rendus,'  vol.  xlii.  1806,  Jane  18th.— A  small  lath  of  heavy  wood 
astened  to  the  end  of  a  piece  of  string,  and  whirled  round  with  the  hand  so  as  to 
describe  a  pretty  wide  circle,  gives  out  a  loud  humming  noise.  The  sounds  which 
may  be  produced  in  this  manner  arc  evidently  of  the  same  kind  as  those  which 
aerolites  give  out  in  falling  through  the  air.  Angular  pieces  of  iron  projected 
from  a  common  sling  produce  in  the  same  way  a  strange  variety  of  humming, 
buzzing,  and  "  shrieking  "  noises. — (A.  8.  II.) 

«fl  Vienna  Academy,  •Sitzungsbcriclit/  vol.  liv.  12th  July,  1866. 
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selves  over  an  area  nine  miles  long  by  six  miles  wide.  The  largest 
stone  at  Knyahinya  weighed  six  hundred-weights,  and  excavated  a 
hole  four  feet  deep  and  five  feet  wide,  where  it  penetrated  the  ground 
to  an  extent  of  twelve  feet  in  a  slightly  slanting  direction  from  seventy- 
six  degrees  east  of  north  to  seventy-six  degrees  west  of  south.  Other 
fragments,  weighing  from  seven  to  thirty-6even,  and  one  of  them 
ninety  pounds,  were  picked  up  near  the  larger  mass,  and  about  a 
thousand  fragments,  weighing  together  near  upon  a  thousand  pounds, 
were  scattered  over  an  area  nine  miles  long,  from  north-east  to  south- 
west, and  four  miles  wide.  All  the  fragments  are  completely  crusted 
over,  and  the  meteor  was  seen,  and  the  detonation  was  heard  over  a 
distance  of  sixty  or  eighty  miles  in  a  south-west  direction.* 

As  fragments  weighing  a  few  pounds,  or  a  few  hundred-weights 
only,  could  not  exist  as  a  group  with  intervals  of  more  than  a  hundred 
yards  between  them,  at  the  earth's  distance  from  the  sun,  without 
being  disjoined  by  the  sun's  attractive  force ;  and  as  it  is  difficult  to 
imagine  how  such  a  compact  group  could  be  formed,  even  beyond  the 
sphere  of  the  sun's  attraction,  capable  of  resisting  the  sun's  disturbing 
action  at  the  earth,  it  is  more  probable  that  the  shower  of  aerolites 
entered  the  atmosphere  as  a  single  stone.  This  was  certainly  the  case 
with  fragments  of  the  meteorite  of  Butsura,  two  of  which,  picked  up 
at  a  distance  of  more  than  two  miles*  apart,  were  completely  crusted 
over ;  and  yet,  when  placed  side  by  side,  they  have  a  nearly  close- 
fitting  junction,  and  are  obviously  seen  to  belong  to  one  piece,  by  a 
vein  of  iron,  which  runs  directly  across  the  junction  through  the  mass. 

The  most  probable  theory  of  the  zodiacal  light  makes  it  to  consist 
of  numberless  small  bodies,  revolving  like  planets  round  the  sun, 
whose  joint  reflection  of  the  sun's  rays  gives  the  appearance  of  a 
luminous  haze  stretching  along  the  zodiac,  and  brightest  in  the 
neighbourhood  of  the  sun.  On  particularly  clear  nights  in  the 
tropics,  it  sometimes  appears  to  complete  the  circle  of  the  midnight 
sky,  from  east  to  west,  having  been  described,  and  frequently  seen 
thus  by  Mr.  G.  Jones,  on  the  long  voyage  of  the  Japan  expedition 
from  New  York.f 

The  earth  is,  therefore,  situated  within  its  outer  border.  But  if 
the  bodies  were  spherical,  and  uniformly  scattered  between  the  earth 
and  the  sun,  the  theory  of  their  phases,  and  maximum  brightness,  as 
seen  from  the  earth,  would  lead  us  to  expect  a  species  of  mock-suns, 
about  fifty-five  degrees  distant  from  the  true  sun,  one  at  each  extremity 
of  the  light  As  this  is  not  observed,  and  as,  on  the  contrary,  both 
terminations  of  the  light  are  diffuse,  the  bodies  which  compose  it  must, 
certainly,  be  more  thinly  scattered  towards  its  edge,  and  it  is  even 
probable  that  they  must  consist  of  shapeless  fragments,  which  is 
exactly  what  the  circumstances  of  the  falls  of  aerolites  would  lead  us 
to  expect. 

*  Vienna  Academy,  *  Sitzungsbericht,'  vol.  liv.  11th  October,  1866. 
t  Observation*  on  tho  Zodiacal  Light,  from  April  2,  1853,  to  April  22,  1855. 
By  Roy.  George  Jones,  A.M.    '  United  States  Japan  Expedition,'  vol.  Hi.  p.  84. 
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The  general  presence  of  nickel,  and  the  remarkable  deficiency  of 
oxygen  in  meteorites,  cannot  be  urged  against  the  probability  of  their 
originating  in  a  boundless  field  of  bodies,  like  the  zodiacal  light,  be- 
cause the  sun  itself,  which  is  the  largest  body  of  the  system,  is  shown 
by  twenty  or  more  lines  of  the  solar  spectrum  to  contain  nickel ;  and 
the  abundance  of  oxygen  on  the  earth's  surface,  far  from  being  a 
general  proof  of  its  redundancy  in  planetary  and  other  stars,  may  be 
a  peculiar  circumstance  of  this  planet,  and  perhaps  of  few  other  mem- 
bers of  the  material  universe.  The  particular  exhibition  of  an  excess 
of  free  oxygen  upon  the  surface  of  the  earth  will  appear  a  much  more 
exceptional  condition,  if  we  assign  a  wider  field  to  the  origin  of 
aerolites,  by  accepting  Mr.  Scliiaparelli's  ninth  postulate,  in  which  be 
thus  sums  up  his  views  regarding  their  extraction : — 

"  Since  it  may  bo  regarded  as  certain  that  falling-stars,  bolides 
and  aerolites,  differ  from  each  other  only  in  their  magnitudes,  we 
must  conclude  that  the  substance  fallen  from  the  sky  is  a  sample  of 
that  of  which  the  stellar  universe  is  composed.  And  since  in  such 
substance  there  is  no  chemical  element  unknown  upon  the  earth,  the 
similarity  of  the  composition  of  all  the  visible  bodies  of  the  universe, 
already  rendered  probable  by  researches  with  the  spectroscope,  re- 
ceives a  new  argument  of  credibility."  * 

[A.  S.  EL] 


WEEKLY   EVENING  MEETING, 

Friday,  May  31,  1867. 

Sir  Henbt  Holland,  Bart.  M.D.  D.CX.  F.RS.  in  the 

T.  Stebbt  Hunt,  Esq.  LL.D.  F.RS. 

On  the  Chemistry  of  the  Primeval  Earth. 

The  natural  history  of  our  planet,  to  which  wo  give  the  name  of 
geology,  is,  necessarily,  a  very  complex  science,  including,  as  it  does, 
the  concrete  sciencos  of  mineralogy,  of  botany,  and  zoology,  and  the 
abstract  sciences  of  chemistry  and  physics.  These  latter  sustain  ■ 
necessary  and  very  important  relation  to  the  whole  process  of  develop- 
ment of  our  earth,  from  its  earliest  ages,  and  we  find  that  the  same 
chemical  laws  which  have  presided  over  its  changes,  apply  also  to 
those  of  extra-terrestrial  matter.  Beccnt  investigations  show  the 
presence  in  the  sun,  and  even  in  the  fixed  stars — suns  of  other  systems 
— the  same  chemical  elements  as  in  our  own  planet.     The  spectro- 


4  Bullettiuo  Meteorologico  del  Collogio  Romano,'  vol.  v.  No.  11. 
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scope,  that  marvellous  i  oat  rumen  t.  Lbs,  in  the  hands  of  modern  in- 
vestigators, thrown  now  light  upon  the  composition  of  the  farthest 
bodies  of  the  universe,  and  has  made  clear  many  points  which  the 
telescope  was  impotent  to  resolve.  The  results  of  extra-terrestrial 
spectroscopic  research  have  lately  been  set  forth  in  an  admirable 
manner  by  one  of  its  most  successful  students,  Mr,  Hnggins,  We 
see,  by  its  aid,  matter  in  all  its  stages,  and  trace  the  process  of  con- 
densation, and  the  formation  of  worlds.  It  is  long  since  Hcrschel, 
the  first  of  his  illustrious  name,  conceived  the  nebulas,  which  his 
.  telescope  could  not  resolve,  to  be  the  uncoudeused  matter  from  which 
worlds  are  made.  Subsequent  astronomers,  with  mere  powerful  glasses, 
wero  able  to  show  that  many  of  these  nebula  are  really  groups  of  stars, 
and  thus  a  doubt  was  thrown  over  the  existence  in  spuce  of  nebulous 
luminous  matter;  but  the  spectroscope  has  now  placed  the  matter 
beyond  doubt.  By  its  aid  we  find  in  tile  heavens,  planets,  bodies  like 
our  earth,  shining  only  by  reflected  light ;  suns,  self-luminous, 
radiating  light  from  solid  matter  ;  and,  moreover,  time  nebulte,  or 
masses  of  luminous  gaseous  matter.  These  three  forms  represent 
three  distinct  phases  in  the  condensation  of  the  primeval  matter,  from 
which  our  own  and  other  planetary  systems  have  been  formed. 

This  nebulous  matter  is  conceived  to  be  so  intensely  heated  as  to 
be  in  the  state  of  true  gas  or  vapour,  and,  for  this  reason,  feebly 
luminous  when  compared  with  the  sun.  It  would  bo  out  of  place,  on 
tho  present  occasion,  to  discuss  the  detailed  results  of  spectroscopic 
investigation,  or  the  bcuntifiil  and  luminous  methods  by  which  modern 
science  has  shown  the  existence  in  the  sun,  and  in  many  other  lu- 
minous bodies  in  space,  of  the  same  chemical  elements  that  are  met 
with  in  our  earth,  and  even  in  our  own  bodies. 

Calculations  based  on  the  amount  of  light  and  boat  radiated  from 
tho  snn  show  that  the  temperature  which  reigns  at  its  surface  is  so 
great  that  wo  can  hardly  form  an  adequate  idea  of  it.  Of  the  chemical 
relations  of  such  intensely  heated  matter,  modern  chemistry  has  made 
known  to  us  some  curious  facts,  which  help  to  throw  light  on  the 
constitution  and  luminosity  of  the  eun.  Heat,  under  ordinary  con- 
ditions, is  favourable  to  chemical  combination,  but  a  higher  tempe- 
rature reverses  all  affinities.  Thus,  the  so-called  noble  metals,  gold, 
silver,  nierenry,  Ac,  unite  with  oxygen  and  other  elements;  but  these 
compounds  are  decomposed  by  heat,  and  the  pure  metals  are  re- 
generated. A  similar  reaction  was  many  years  since  shown  by  Mr. 
Grove  with  regard  to  water,  whose  elements — oxygen  and  hydrogen — 
when  mingled  and  kindled  by  flame,  or  by  tho  electric  spark,  unite  to 
form  water,  which,  however,  at  a  much  higher  teiu]nmiturc,  is  again 
resolved  into  its  component  gases.  Hence,  if  wo  had  tlieso  two  gases 
existing  in  admixture  at  a  very  high  temperature,  cold  would  actually 
effect  their  combination  precisely  as  heat  would  do  if  the  mixed 
gases  were  at  the  ordinary  temperature,  and  literally  it  would  bo 
found  that  "  frost  performs  tho  effect  of  tire."  The  recent  researches 
of  Henry  Ste.-Claire  Deville  and  others  go  far  to  show  that   this 
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breaking  up  of  compounds,  or  dissociation  of  eloments  by  intense 
boat,  is  a  principle  of  universal  application  ;  so  that  we  may  suppose 
that  all  the  elements  which  make  up  the  sun  or  our  planet,  would, 
when  so  intensely  heated  as  to  bo  in  that  gaseous  condition  which  ill 
matter  is  capable  of  assuming,  remain  uncombined — that  is  to  saj, 
would  exist  together  in  the  condition  of  what  wo  call  chemical  ele- 
ments, whoso  further  dissociation  in  stellar  or  nebulous  masses  may 
even  givo  us  evidence  of  matter  still  more  elemental  than  that  revealed 
by  the  experiments  of  the  laboratory,  where  wo  can  only  conjecture 
the  compound  nature  of  many  of  the  so-called  elementary  substances. 

The  sun,  then,  is  to  be  conceived  as  an  immense  mass  of  intensely 
heated  gaseous  and  dissociated  matter,  so  condensed,  however,  that, 
notwithstanding  its  excessive  temperature,  it  has  a  specific  gravity' not 
much  below  that  of  water ;  probably  offering  a  condition  analogous  to 
that  which  Cagniard  de  la  Tour  observed  for  volatile  bodies  when  sub- 
mitted to  great  pressure  at  temperatures  much  above  their  boiling  point 
The  radiation  of  heat,  going  on  from  the  surface  of  such  an  intensely 
hoated  mass  of  uncombined  gases,  will  produce  a  superficial  cooling 
which  will  permit  the  combination  of  certain  eloments  and  the  pro- 
duction of  solid  or  liquid  particles,  which,  suspended  in  the  stall 
dissociated  vapours,  become  intensely  luminous  and  form  the  solar 
photosphere.  The  condensed  particles,  carried  down  into  the  in- 
tensely heated  mass,  again  meet  with  a  heat  of  dissociation ;  so  that 
the  process  of  combination  at  the  surfaco  is  incessantly  renewed, 
while  the  heat  of  the  sun  may  be  supposed  to  bo  maintained  by  the 
slow  condensation  of  its  mass ;  a  diminution  by  -n/juth  of  its  present 
diameter  being  sufficient,  according  to  Helmholtz,  to  maintain  the 
present  supply  of  boat  for  21,000  years. 

This  hypothesis  of  the  nature  of  the  sun  and  of  the  luminous 
process  going  on  at  its  surface  is  the  one  lately  put  forward  by  Faye, 
and,  although  it  has  met  with  opposition,  appears  to  be  that  which 
accords  best  with  our  present  knowlcdgo  of  the  chemical  and  physical 
conditions  of  matter,  such  as  we  must  suppose  it  to  exist  in  the 
condensing  gaseous  mass,  which,  according  to  the  nebular  hypothesis, 
should  form  tho  ccntro  of  our  solar  system.  Taking  this,  as  we  have 
already  done,  for  granted,  it  matters  little  whether  we  imagine  the 
different  planets  to  have  been  successively  detached  as  rings  during 
the  rotation  of  the  primal  mass,  as  is  generally  conceived,  or  whether 
wo  admit  with  Chacornao  a  process  of  aggregation  or  concretion, 
operating  within  tho  primal  nebular  mass,  resulting  in  the  production 
of  sun  and  planets.  In  either  caso  we  come  to  the  conclusion  that 
our  earth  must  at  one  time  havo  been  in  an  intensely  heated  gaseous 
condition,  such  as  the  sun  now  presents,  self-luminous,  and  with  a 
process  of  condensation  going  on  at  first  at  tho  surface  only,  until  by 
cooling  it  must  have  reached  the  point  where  tho  gaseous  centre  was 
exchanged  for  one  of  combined  and  liquefied  matter. 

Here  commences  the  chemistry  of  the  earth,  to  the  discussion  of 
which  tho  foregoing  considerations  have  been  only  preliminary.     So 


1867.]  Chemistry  of  the  Primeval  Earth.  181 

long  as  the  gaseous  condition  of  the  earth  lasted,  we  may  suppose  the 
whole  mass  to  have  been  homogeneous;  but  when  the  temperature 
became  so  reduced  that  the  existence  of  chemical  compounds  at  the 
centre  became  possible,  those  which  were  most  stable  at  the  elevated 
temperature  then  prevailing,  would  be  first  formed.  Thus,  for 
example,  while  compounds  of  oxygen  with  mercury  or  even  with 
hydrogen  could  not  exist,  oxides  of  'silicon,  aluminium,  calcium,  mag- 
nesium, and  iron  might  be  formed  and  condense  in  a  liquid  form  at 
tho  centre  of  the  globe.  By  progressive  cooling,  still  other  elements 
would  be  removed  from  the  gaseous  mass,  which  would  form  the 
atmosphere  of  the  non-gaseous  nucleus.  We  may  suppose  an  arrange- 
ment of  the  condensed  matters  at  the  centre  according  to  their  respec- 
tive specific  gravities,  and  thus  the  fact  that  the  density  of  the  earth 
as  a  whole  is  about  twice  the  mean  density  of  the  matters  which  form 
its  solid  surface  may  be  explained.  Metallic  or  metalloidal  com- 
pounds of  elements,  grouped  differently  from  any  compounds  known 
to  us,  and  far  more  dense,  may  exist  in  the  centre  of  the  earth. 

The  process  of  combination  and  cooling  having  gone  on  until 
those  elements  which  are  not  volatile  in  the  heat  of  our  ordinary 
furnaces,  were  condensed  into  a  liquid  form,  we  may  here  inquire 
what  would  be  the  result,  upon  the  mass,  of  a  further  reduction  of 
temperature.  It  is  generally  assumed  that  in  the  cooling  of  a  liquid 
globe  of  mineral  matter,  congelation  would  commence  at  the  surface, 
as  in  tho  case  of  water ;  but  water  offers  an  exception  to  most  other 
liquids,  iuasmuch  as  it  is  denser  in  the  liquid  than  in  the  solid  form. 
Hence  ice  floats  on  water,  and  freezing  water  becomes  covered  with  a 
layer  of  ice,  which  protects  the  liquid  below.  With  most  other 
matters,  however,  and  notably  with  the  various  mineral  and  earthy 
compounds  analogous  to  those  which  may  be  supposed  to  have  formed 
the  fiery-fluid  earth,  numerous  and  careful  experiments  show  that  the 
products  of  solidification  are  much  denser  than  the  liquid  mass ;  so 
that  solidification  would  have  commenced  at  the  centre,  whose  tem- 
perature would  thus  be  the  congealing  point  of  these  liquid  compounds. 
Tho  important  researches  of  Hopkins  and  Fairbairn  on  the  influence 
of  pressure  in  augmenting  the  melting  point  of  such  compounds  as 
contract  in  solidifying,  are  to  be  considered  in  this  connection. 

It  is  with  tho  superficial  portions  of  the  fused  mineral  mass  of  the 
globe  that  we  Bavo  now  to  do ;  since  there  is  no  good  reason  for  sup* 
posing  that  the  deeply  seated  portions  have  intervened  in  any  direct 
manner  in  tho  production  of  the  rocks  which  form  the  superficial 
crust.  This,  at  the  time  of  its  first  solidification,  presented  probably 
an  irregular,  diversified  surface,  from  the  result  of  contraction  of  the 
congealing  mass,  which  at  last  formed  a  liquid  bath  of  no  great  depth, 
surrounding  the  solid  nucleus.  It  is  to  the  composition  of  this  crust 
that  we  must  direct  our  attention,  since  therein  would  be  found  all 
the  elements  (with  the  exception  of  such  as  were  still  in  the  gaseous 
form)  now  met  with  in  the  known  rocks  of  the  earth.  This  crust  is 
now  everywhere  buried  beneath  its  own  ruins,  and  we  can  only  from 
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chemical  considerations  attempt  to  reconstruct  it.  If  we  consii 
the  conditions  through  which  it  has  passed,  and  the  chemical  affinit 
which  must  have  come  into  play,  wo  shall  sec  that  they  are  just  w! 
would  now  result  if  the  solid  land,  sea,  and  air  were  made  to  re 
upon  each  other  under  the  influence  of  intense  heat.  To  the  chera 
it  is  at  once  evident  that  from  this  would  result  the  conversion  of 
carbonates,  chlorides,  and  sulphates  into  silicates,  and  the  separati 
of  the  carbon,  chlorine,  and  sulphur  in  the  form  of  acid  gases,  whi 
with  nitrogen,  watery  vapour,  and  a  probable  excess  of  oxygen,  woi 
form  the  dense  primeval  atmosphere.  The  resulting  fused  mass  wn 
contain  all  tho  bases  as  silicates,  and  must  have  much  resembled 
composition  certain  furnace-slags  or  volcanic  glasses.  The  atanoaphe 
charged  with  acid  gases  which  surrounded  this  primitive  rock  mi 
have  been  of  immense  density.  Under  the  pressure  of  such  a  hi 
barometric  column,  condensation  would  tako  place  at  a  temperati 
much  above  the  present  boiling  point  of  water,  and  the  depresi 
portions  of  the  half-cooled  crust  would  bo  flooded  with  a  highly  heal 
solution  of  hydrochloric  acid,  whose  action  in  decomposing  I 
silicates  is  easily  intelligible  to  the  chemist.  The  formation 
chlorides  of  the  various  bases,  and  the  separation  of  silica,  would 
on  until  the  affinities  of  the  acid  were  satisfied,  and  there  would  b 
separation  of  silica,  taking  tho  form  of  quartz,  and  the  production 
a  sea-water  holding  in  solution,  besides  the  chlorides  of  aodin 
calcium,  and  magnesium,  salts  of  aluminium  and  other  metallic  baa 
The  atmosphere,  being  thus  deprived  of  its  volatile  chlorine  a 
sulphur  compounds,  would  approximate  to  that  of  our  own  time,  t 
differ  in  its  greater  amount  of  carbonic  acid. 

We  next  enter  into  the  second  phase  in  the  action  of  the  atmospht 
upon  the  earth's  crust.  This,  unlike  the  first,  which  was  subaqneo 
or  operative  only  on  the  portion  coverod  with  the  precipitated  wat 
is  sub-aerial,  and  consists  in  the  decomposition  of  the  exposed  pai 
of  the  primitive  crust  under  the  influence  of  the  carbonic  acid  ai 
moisture  of  the  air,  which  convert  tho  complex  silicates  of  the  en 
into  a  silicate  of  alumina,  or  clay,  while  the  separated  lime,  magnes 
and  alkalies,  being  converted  into  carbonates,  are  oarried  down  in 
the  sea  in  a  state  of  solution.  The  first  effect  of  these  dissolved  a 
Donates  would  be  to  precipitate  the  dissolved  alumina  and  the  hee 
metals,  after  which  would  result  a  decomposition  of  the  chloride 
calcium  of  tho  sea-water,  resulting  in  the  production  of  carbonate 
lime  or  limestone,  and  chloride  of  sodium  or  common  salt.  Tl 
process  is  one  still  going  on  at  the  earth's  surface,  slowly  breaku 
down  and  destroying  the  hardest  rocks,  aud,  aided  by  mechanic 
processes,  transforming  them  into  clays ;  although  the  action,  frc 
the  comparative  rarity  of  carbonic  acid  in  the  atmosphere,  is  It 
energetic  than  in  earlier  times,  when  tho  abundance  of  this  gas,  a 
a  higher  temperature,  favoured  the  chemical  decomposition  of  t 
rocks.  But  now,  as  then,  every  clod  of  clay  formed  from  the  dec 
of  a  crystalline  rock  corresponded  to  an  equivalent  of  carbonic  at 
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abstracted  from  the  nt  mo  up  hero,  mill  equivalents  of  carbonate  of  linio 
and  aommou  salt  formed  from  the  chloride  of  calcium  of  the  sea-water. 

It  is  very  instructive,  in  this  connection,  to  compare  the  composi- 
tion of  the  waters  of  the  modern  ocean  with  that  of  the  sea  in  ancient 
times,  whose  composition  we  learn  from  the  fossil  soft-waters  which 
arc  still  to  be  found  in  certain  regions,  imprisoned  in  the  pores  of 
the  older  stratified  rocks.  These  arc  vastly  richer  in  salts  of  linic 
and  magnosia  than  thoso  of  the  present  sea,  from  which  have  been 
separated,  by  chemical  processes,  all  the  carbonate  of  lime  of  our  lime- 
stones, with  (he  exception  of  that  derived  from  the  sub-aerial  decay  of 
calcareous  and  maguesian  silicates  belonging  to  the  primitive  crust. 

The  gradual  removal,  in  the  form  of  carbonate  of  lime,  of  tho 
carbonic  acid  from  the  primeval  nt m< isphere,  has  been  connected  with 
great  changes;  in  the  organic  life  of  the  globe.  The  air  was  doubtless 
at  first  unfit  for  the  respiration  of  warm-blooded  animals,  and  we  find 
the  higher  forms  of  life  coming  gradually  into  existence  as  we  ap- 
proach tho  present  period  of  a  purer  air.  Calculations  lead  us  to 
conclude  that  the  amount  of  carbon  thus  removed  in  the  form  of 
carbonic  acid  has  been  so  enormous,  that  we  must  suppose  the  earlier 
forms  of  air-breathing  animals  to  have  been  peculiarly  adapted  to  live 
in  an  atmosphere  which  would  probably  he  too  impure  to  support 
modern  reptilian  life.  The  agency  of  plants  in  purifying  the  primi- 
tive atmosphere  was  long  since  pointed  ont  by  lirongniart,  and  our 
great  stores  of  fossil  fuel  have  been  derived  from  the  decomposition, 
by  tho  ancient  vegetation,  of  the  excess  of  carbonic  acid  of  the  early 
atmosphere,  which  through  this  agency  was  exchanged  for  oxygen  gas. 
In  this  connection  tho  vegetation  of  former  periods  presents  the  curious 
phenomenon  of  plants  allied  to  those  now  growing  beneath  tho  tropics, 
flourishing  within  the  polar  circles.  Many  ingenious  hypctlu  ses  liuve 
been  proposed  to  account  for  the  warmer  climate  of  earlier  times,  but 
are  at  best  unsatisfactory,  and  it  appears  to  mo  that  the  true  solution  of 
the  problem  may  be  found  in  the  constitution  of  tho  early  atmosphere, 
when  considered  in  the  light  of  Dr.  Tyndall's  beautifid  researches  on 
radiant  heat.  He  has  found  that  the  presence  of  a  few  hundredths 
of  carbonic  acid  gas  in  the  atmosphere,  while  offering  almost  no 
obstacle  to  tho  passage  of  the  solar  rays,  would  suffice  to  prevent 
almost  entirely  the  loss  by  radiation  of  obscure  heat,  so  that  the 
surface  of  tho  land  beneath  such  an  atmosphere  would  Income  like  a 
vast  orchard-house,  in  which  the  conditions  of  climate  necessary  to  a 
luxuriant  vegetation  would  he  extended  even  to  the  polar  regions. 
This  peculiar  condition  of  the  early  atmosphere  cannot  fail  to  have 
influenced  in  many  other  ways  the  processes  going  en  at  the  earth's 
surface.  To  take  a  single  example :  one  of  the  processes  by  which 
gypsum  may  be  produced  at  the  earth's  surface  involves  the  simul- 
taneous production  of  carbonate  of  magnesia.  This,  being  more 
soluble  than  tho  gypsum,  is  not  always  now-  found  associated  with  it; 
but  we  have  indirect  evidence  that  it  m  formed  and  subsequently 
carried  away,  in  tho  case  of  many  gypsum  deposits,  whoso  thickness 
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indicates  a  long  continuance  of  the  process  under  conditions  much 
more  perfect  and  complete  than  we  can  attain  under  our  present 
atmosphere.  While  studying  this  reaction  I  was  led  to  inquire 
whether  the  carbonic  acid  of  the  earlier  periods  might  not  haw 
favoured  the  formation  of  gypsum;  and  I  found,  by  repeating  the 
experiments  in  an  artificial  atmosphere  impregnated  with  carbonic 
acid,  that  such  was  really  the  case.  We  may  thence  conclude  that  the 
peculiar  composition  of  the  primeval  atmosphere  was  the  oooontial 
condition  under  which  the  great  deposits  of  gypsum,  generally  associ- 
ated with  magne8ian  limestones,  were  formed. 

The  reactions  of  the  atmosphere  which  we  have  considered,  would 
have  the  effect  of  breaking  down  and  disintegrating  the  surface  of  the 
primeval  globe,  covering  it  everywhere  with  beds  of  stratified  rock  of 
mechanical  or  of  chemical  origin.  These  would  now  so  deeply  cover 
the  partially  cooled  surface  that  the  amount  of  heat  escaping  from 
below  is  inconsiderable,  although  in  earlier  times  it  was  very  much 
greater,  and  the  increase  of  temperature  met  with  in  descending  into 
the  earth  must  have  been  many  times  more  rapid  than  now.  The 
effect  of  this  heat  upon  the  buried  sediments  would  be  to  soften  them, 
producing  new  chemical  reactions  between  their  elements,  and  con- 
verting them  into  what  are  known  as  crystalline  or  metamorphic  rocks, 
such  as  gneiss,  greenstone,  granite,  &c.  We  are  often  told  that  granite 
is  the  primitive  rock  or  substratum  of  the  earth,  but  this  is  not  only 
unproved,  but  extremely  improbable.  As  I  endeavoured  to  show  in 
the  early  part  of  this  discourse,  the  composition  of  this  primitive  rock, 
now  everywhere  hidden,  must  have  been  very  much  like  that  of  a  slag 
or  lava ;  and  there  are  excellent  chemical  reasons  for  maintaining  that 
granite  is  in  every  case  a  rock  of  sedimentary  origin — that  is  to  say, 
it  is  made  up  of  materials  which  were  deposited  from  water,  like  beds 
of  modern  sand  and  gravel,  and  includes  in  its  composition  quarts, 
which,  so  far  as  we  know,  can  only  be  generated  by  aqueous  agencies, 
and  at  comparatively  low  temperatures. 

The  action  of  heat  upon  many  buried  sedimentary  rocks,  however, 
not  only  softens  or  melts  them,  but  gives  rise  to  a  great  disengage- 
ment of  gases,  such  as  carbonic  and  hydrochloric  acids,  and  sulphur 
compounds,  all  results  of  the  reaction  of  tho  elements  of  sedimentary 
rocks,  heated  in  presence  of  the  water  which  everywhere  filled  their 
pores.  In  the  products  thus  generated  we  have  a  rational  explanation 
of  tho  chemical  phenomena  of  volcanoes,  which  are  vents  through 
which  these  fused  rocks  and  confined  gases  find  their  way  to  the  surface 
of  the  earth.  In  some  cases,  as  where  there  is  no  disengagement  of 
gases,  the  fused  or  half-fused  rocks  solidify  in  situ,  or  in  rents  or 
fissures  in  the  overlying  strata,  and  constitute  eruptive  or  plutonio 
rocks  like  granite  and  basalt 

This  theory  of  volcanic  phenomena  was  put  forward  in  germ  by 
Sir  John  F.  W.  Herschel  thirty  years  since,  and,  as  I  have  during  the 
past  fuw  years  endeavoured  to  show,  it  is  the  one  most  in  accordance 
with  what  we  know  both  of  tho  chemistry  and  the  physics  of  the*  earth. 
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That  all  volcanic  and  plutonic  phenomena  have  their  seat  in  the 
deeply  buried  and  softened  zone  of  sedimentary  deposits  of  the  earth, 
and  not  in  its  primitive  nucleus,  accords  with  the  conclusions  already 
arrived  at  relative  to  the  solidity  of  that  nucleus,  with  the  geological 
relations  of  these  phenomena  as  I  have  elsewhere  shown ;  and  also 
with  the  remarkable  mathematical  and  astronomical  deductions  of  the 
late  Mr.  Hopkins,  of  Cambridge,  based  upon  the  phenomena  of 
precession  and  nutation;  those  of  Archdeacon 'Pratt;  and  those  of 
Professor  Thompson  on  the  theory  of  the  tides  ;  all  of  which  lead  to 
tho  same  conclusion — namely,  that  the  earth,  if  not  solid  to  the  centre, 
must  have  a  crust  several  hundred  miles  in  thickness,  which  would 
practically  exclude  it  from  any  participation  in  the  plutonic  pheno- 
mena of  the  earth's  surface,  except  such  as  would  result  from  its  high 
temperature  communicated  by  conduction  to  the  sedimentary  strata 
reposing  upon  it. 

The  old  question  between  the  plutonists  and  the  neptunists,  which 
divided  the  scientific  world  in  tho  last  generation,  was,  in  brief,  this — 
whether  fire  or  water  had  been  the  great  agent  in  giving  origin  and 
form  to  the  rocks  of  the  earth's  crust.  While  some  maintained  the 
direct  igneous  origin  of  such  rocks  as  gneiss,  mica-schist,  and  serpen- 
tine, and  ascribed  to  fire  the  filling  of  metallic  veins,  others — the 
neptunian  school — were  disposed  to  shut  their  eyes  to  the  evidences  of 
igneous  action  on  the  earth,  and  even  sought  to  derive  all  rocks  from 
a  primal  aqueous  magma.  In  the  light  of  the  exposition  which  I  have 
laid  before  you  this  evening,  we  can,  I  think,  render  justice  to  both  of 
these  opposing  schools.  We  have  seen  how  actions  dependent  on 
water  and  acid  solutions  have  operated  on  the  primitive  plutonic  mass, 
and  how  the  resulting  aqueous  sediments,  when  deeply  buried,  come 
again  within  the  domain  of  fire,  to  be  transformed  into  crystalline  and 
so-called  plutonic  or  volcanic  rocks. 

Tho  scheme  which  I  have  endeavoured  to  put  before  you  in  the 
short  time  allotted,  is,  as  I  have  endeavoured  to  show,  in  strict  con- 
formity with  known  chemical  laws  and  the  facts  of  physical  and 
geological  science  Did  time  permit,  I  would  gladly  have  attempted 
to  demonstrate  at  greater  length  its  adaptation  to  the  explanation  of 
the  origin  of  the  various  classes  of  rocks,  of  metallic  veins  and  deposits, 
of  mineral  springs,  and  of  gaseous  exhalations.  I  shall  not,  however, 
have  failed  in  my  object,  if,  in  tho  hour  which  we  have  spent  together, 
I  shall  have  succeeded  in  showing  that  chemistry  is  able  to  throw  a 
great  light  upon  the  history  of  the  formation  of  our  globe,  and  to 
explain  in  a  satisfactory  manner  some  of  the  most  difficult  problems  of 
geology  ;  and  I  feel  that  there  is  a  peculiar  fitness  in  bringing  such 
an  exposition  before  the  members  of  this  Royal  Institution,  which  has 
been  for  so  many  years  devoted  to  the  study  of  pure  science,  and 
whose  glory  it  is,  through  the  illustrious  men  who  have  filled,  and 
those  who  now  fill,  its  professorial  chairs,  to  have  contributed  more 
than  any  other  school  in  the  world  to  the  progress  of  modern  chemistry 

[T.  a  h.j 
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GENERAL  MONTHLY  MEETING, 
Monday,  June  3,  1867. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

The  Hon.  John  William  Strutt,  and 
Mrs.  Susan  Lumley 

were  elected  Members  of  the  Royal  Institution. 

Frederick  James"  Chester,  Esq. 
was  admitted  a  Member  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
addition  to  "  the  Donation  Fund  for  the  Promotion  of  Experimental 
Researches." 

Sir  Henry  Holland,  Bart,  the  President  (9th  Annual  Donation)     •    £40. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

TJte  Imperial  Government  of  France  (through  M.  Duruy,  Minider  of  Public 
Instruction)— Documents  Ineclits  sur  l'Histoire  de  France  : 
Negotiations  Diplomatiquos  de  la  France  avec  la  Toscane.    Tome  IIL    4to. 
Lettres,  &c.,  du  Cardinal  Richelieu.    Tome  V.    4 to.    1863. 

(Euvres  de  Lavoisier.    Tomes  I.  III.    4to.    1864-65. 

(Euvres  d'Augustin  Fresnel.    Tome  T.    4 to.    1866. 

Histoire  Genemle  de  Paris.    Topographic  Historique  da  Yieax  Paris.    Par 

^  A.  Berty.    Tome  L    4to.    1866. 
Agricultural  Society  of  England,  Royal — Journal.  New  Series.  No.  5.   8vo.   1867. 
Architects,  Royal  Institute  of  .Bn&a/i— Proceedings,  1867.    4to. 
Asiatic  Society  of  Bengal— Proceedings,  1866,  Nos.  4-13 ;  and  1867,  No.  1.    8to. 
Astronomical  Society,  Royal— Monthly  Notices,  Vol.  XXVII.  No.  6,  7.  8vo.  1867. 
Blackie,  Professor  J.  S.  (the  Author}-  On  Forms  of  Government    (K  94)     8vo. 

1867. 
Chemical  Society  -Journal  for  May,  1867.    8vo. 
DobeU,  Horace,  M.D.  (the  Author)— The  True  First  Stage  of  Consumption.    16to. 

1867. 
Editors— Artizan  for  May,  1867.    4to. 

Athenseum  for  May,  1867.    4to. 

British  Journal  of  Photography  for  May,  1867.    4 to. 

Chemical  News  for  May,  1867.    4to. 

Engineer  for  May,  1867.    fol. 

Horological  Journal  for  May,  1867.    8vo. 

Journal  of  Gas-Lighting  for  May,  1867.    4to. 

Mechanics'  Magazine  for  May,  1867.    8vo 

Pharmaceutical  Journal  for  May,  1867. 
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Figueroa,  Scnhor  Rafael  Pardo  de  (the  AuUior) — Critica  del  Regiemeto  de  Navi- 

gacio,  Ac.    (L  14)    8vo.    1867. 
Frankland,  Professor  E^  F.R.S.  (the  Author)— Course  of  Six  I^ectures  on  Coal 

Gas.    (K  U4)    8m    1867. 
Franklin  Institute,  Philadelphia— Journal,  No.  49a     8vo.    1867. 
Georgifili,  Rente  Accodemia  det—Atti.    Vol.  X1U.    8vo.    1806. 
Henry,  William  C,  M.D.  F.RJ3.  M.R.I.  (the  Author)— Biographical  Notice  of  the 

Late  Very  Rev.  Richard  Dawes,  Dean  of  Hereford.    8vo.     1867. 
JablonowskCsche  Gesellschaft,  Leipzig — Preisschriften  XII.    4to.     1867. 
Jones,  Henry  Pence,  M.D.  F.RJS.  Hon.  Sec.  R.I.  (the  Author) — Lectures  on  some  of 

tBe  Applications  of  Chemistry  and  Mechanics  to  Pathology  and  Therapeutics. 

8vo.     1867. 
Leeds  Literary  and  Philosophical  Society — Annual  Report,  1865-66.    8vo.     1866. 
Maefarren,  G.  A.  Esq.  (the  Author) — Six  Lectures  on  Harmony.     Delivered  at 

the  Royal  Institution,  before  Easter,  1867.    8vo.    1867. 
Royal  Academy  of  Sciences,  Madrid — Libros  del  Saber  do  Astronomia  del  Rey 

Alfonso  X.  de  Castilla.    Tomo  IV.    fol.    1866. 
Royal  Society  of  London — Proceedings,  No.  92.    8vo.    1867. 

Philosophical  Transactions  for  1866.    Vol.  CLVI.  Part  2.    4to.     1867. 
Photographic  Society— Journal,  No.  181.    8vo.     1867. 
Scharf,  George,  Esq.  F.S.A.  (the  Author) — Observations  on  the  Westminster  Abbey 

Portrait  and  other  Representations  of  Richard  II.    8vo.    1867. 
Smithsonian  Institution,  Washington— Annual  Report  for  1864.    8vo.    1865. 
Sofka,  Dr.  Franz  O.  (the  Author) — Die  kosmischen  Abkuhlungcn,  ein  meteoro- 

logisches  Prinzip.    (K  94)    8vo.    1867. 
Taylor,  Rev.  W^  F.ILS.  MJl. J.— Ob  der  Kiinig  vss  Engelland  ein  liigner  sey  oder 

der  Luther.    [Von  Thomas  Murner.]    4to.    [Strasburg,  1522.] 
West  Riding  of  Yorkshire  Geological  and  Polytechnic  Society — Proceedings,  1865-66. 

8va    1867. 


WEEKLY  EVENING  MEETING, 

Friday,  June  7,  1867. 

Sib  Hknby  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

John  Buskin,  Esq.  M.B.I. 

On  the  present  State  of  Modern  Art  with  reference  to  the  advisable 

Arrangements  of  a  National  Gallery. 

[No  Abstract  received.] 
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WEEKLY  EVENING  MEETING. 

Friday,  June  21,  1867. 

Sir  Henby  Holland,  Bart.  M.D.  D.C.L.  F.E.S.  President, 

in  the  Chair. 

John  Tyndall,  Esq.  LL.D.  F.R.S. 

rOOFESSOR  OF  NATURAL  PHILOSOPHY,  B.L 

On  some  Experiments  of  Faraday,  Biot,  and  Savari. 

The  discourse  was  delivered  at  the  request  of  the  excellent  president 
of  the  Royal  Institution.  The  speaker  had  no  new  discovery  to  make 
known,  and  the  utmost  he  could  hope  to  achieve  was  to  give  a  few 
old  discoveries  such  a  form  as  would  interest  an  intellectual  audience. 

A  few  of  the  more  striking  phenomena  of  electro-magnetism  were 
first  exhibited  by  means  of  a  helix  and  a  core  of  soft  iron.  The  ques- 
tion arose,  "  suppose  that  core  to  be  transparent,  what  would  be  the 
effect  of  its  magnetization  upon  a  beam  of  light  passing  through  it  ?  " 
Probably  such  a  question  presented  itself  to  the  mind  of  Faraday. 
But  iron  was  not  transparent,  and  our  great  experimentalist  had  to 
seek  long  before  he  foun4  a  transparent  substance,  which  enabled  him 
to  demonstrate  the  action  of  magnetism  upon  light. 

Light  in  its  natural  condition  was  not  sensibly  affected  by  mag- 
netism. The  speaker  then  denned  and  illustrated,  by  means  of  a 
Foucault's  prism  and  a  plate  of  tourmaline,  the  action  of  "plane 
polarized  light."  He  then  showed  the  chromatic  phenomena  produced 
when  a  plate  of  rock-crystal,  cut  at  right  angles  to  the  axis,  was  placed 
between  the  polarizer  and  analyzer  of  a  polariscope.  He  also  defined 
and  illustrated,  by  means  of  the  tourmaline,  what  was  meant  by  the 
plane  of  vibration  and  the  plane  of  polarization. 

A  plate  of  quartz,  composed  of  two  semicircles,  the  one  belonging 
to  a  right-handed  and  the  other  to  a  left-handed  crystal,  was  placed 
in  front  of  the  electric  lamp,  and  through  the  plate  was  sent  a  beam 
of  plane  polarized  light.  The  beam  then  passed  through  two 
perforated  masses  of  iron,  which  rested  on  the  two  ends  of  a  powerful 
electro-magnet — those  pieces  of  iron  were  in  fact  the  movable  poles 
of  the  magnet.  Beyond  the  furthest  pole  was  placed  a  Foucault's 
prism,  through  which  the  beam  also  passed,  being  finally  received 
upon  a  white  screen.  A  lens  was  introduced  between  the  circular  plate 
of  quartz  and  the  magnet ;  and  by  this  lens  a  magnified  image  of  the 
plate  of  quartz  was  thrown  upon  the  screen. 

Tho  speaker  showed  the  changes  of  colour  produced  when  the  piano 
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of  polarization  was  caused  to  rotate.  Bringing,  for  example,  the 
entire  image  of  the  quartz  plate  to  a  delicate  puce,  the  slightest 
rotation  of  the  Foucault's  prism  coloured  one  of  the  semicircles  a 
vivid  red  and  the  other  a  vivid  green.  Restoring  the  puce  colour, 
and  placing  a  bar  of  the  heavy  glass  with  which  Faraday  first  demon- 
strated the  action  of  magnetism  upon  light  from  pole  to  pole  of  the 
magnet,  the  beam  was  transmitted  by  the  glass,  and  the  imago  upon 
the  screen  was  unchanged. 

On  now  exciting  the  magnet,  the  uniformity  of  the  colour  dis- 
appeared ;  one  semicircle  ran  rapidly  into  a  vivid  red,  the  other  into 
a  vivid  green.  The  relative  position  of  the  colours  changed  when  the 
direction  of  the  current  was  changed :  when  the  current  was  inter- 
rupted, the  puce  colour  was  restored.  Thus  it  was  proved  that  the 
act  of  magnetization  produced  the  same  effect  as  the  mechanical 
rotation  of  the  plane  of  polarization ;  and  this  is  the  celebrated  expe- 
riment which  Faraday  described  as  the  magnetization  of  a  ray  of 
light 

The  beautiful  experiment  of  Biot  on  the  influence  of  sonorous 
vibrations  on  plane  polarized  light  was  next  thrown  into  a  form  which 
allowed  the  whole  audience  to  see  the  effect.  A  rectanglo  of  glass, 
6  feet  long,  2  inches  wide,  and  about  i  of  an  inch  thick,  was  clasped 
by  a  clamp  at  its  centre,  being  so  placed  between  the  polarizer  and 
analyzer  that  the  beam  crossed  the  glass  rectangle  near  its  centre. 
The  polarizing  prisms  were  placed  so  as  to  darken  the  field  of  view.  A 
sweep  of  a  wet  cloth  over  the  distant  half  of  the  glass  rectangle  brought 
out  its  tone,  and  immediately  a  luminous  disk  a  yard  in  diameter 
flashed  out  upon  the  screen.  Every  sweep  of  the  cloth  threw  the 
glass  into  sonorous  vibration  and  illuminated  the  screen. 

A  plate  of  selenite  was  so  placed  between  the  polarizer  and  ana- 
lyzer as  to  show  a  system  of  vividly  coloured  rings.  By  a  suitable 
arrangement  of  the  experiment,  the  colours  were  wholly  obliterated 
when  the  glass  rectangle  was  thrown  into  longitudinal  vibration. 

None  of  these  effects  could  bo  produced  when  the  polarized  beam 
passed  through  the  rectangle  near  one  of  its  ends ;  for  hero,  as  is  well 
known,  the  necessary  strains  and  pressures  were  absent. 

The  remaining  experiments  had  reference  to  the  action  of  sonorous 
vibrations  upon  jets  of  water.  A  vein  was  discharged  obliquely  from 
the  nipple  of  an  ordinary  gas  burner.  The  vein  broke  into  scattered 
drops.  By  the  light  of  the  electric  lamp,  a  dense  shadow  of  the  vein 
was  thrown  upon  a  white  screen ;  on  sounding  an  organ  pipe,  or  a 
tuning-fork  of  the  proper  pitch,  the  drops  suddenly  gathered  them- 
selves together,  forming  an  apparently  continuous  band  several  feet  in 
length.  On  the  suspension  of  the  sound  the  drops  broke  asunder  as 
before.  The  minuteness  of  the  vibration,  which  is  competent  to 
produce  this  effect  upon  the  vein,  is  extraordinary.  After  a  tuning- 
fork  had  ceased  to  be  heard,  when  placed  against  the  support  of  the 
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nipple  from  which  the  vein  issued,  the  drops  gathered  themselves 
together,  and  remained  in  coalescence  long  subsequent  to  the  apparent 
subsidence  of  the  motion. 

A  jet  of  water  was  permitted  to  descend  vertically.  Its  two  portions, 
the  continuous  and  the  discontinuous,  wore  described.  An  arrange- 
ment was  devised  by  which  the  vein  was  vividly  illuminated  from 
above.  The  continuous  portion  was  of  dazzling  brilliancy ;  the  point 
of  rupture  being  thus  rendered  strikingly  manifest.  On  sounding  the 
proper  note,  the  continuous  vein  shrunk  almost  up  to  its  aperture. 
Tho  effect  of  beats  was  very  fine;  as  they  addressed  the  ear,  the 
lengthening  and  shortening  of  the  luminous  cylinder,  in  perfect  syn- 
chronism with  the  beats,  went  on.  Here  also  the  amount  of  motion, 
if  only  of  the  proper  quality,  which  influences  the  vein,  may  be  infi- 
nitesimal :  the  vein,  in  fact,  declares  the  existence  of  the  beats  long 
after  the  ear  has  ceased  to  hear  them. 

[J.  T.] 


GENERAL  MONTHLY  MEETING, 

Monday,  July  1,  1867. 

William  Pole,  Esq.  M.A.  F.E.S.  in  the  Chair. 

John  Andrew  Baumbach,  Esq. 
Louis  J.  Crossley,  and 
Joseph  Ince,  Esq.  F.LJ3. 

were  elected  Members  of  the  Boyal  Institution. 

The  Presents  received  since  the  last  Meeting  were  laid  on  tho 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FfiOM 

Architects,  Royal  Institute  of  British— Paris  Exhibition,  1867 :  Catalogue.    4to. 

Adand,  T.  D.  Esq.  M.P.  (the  Author)— The  Encouragement  of  Mathematioa  at 
Oxford  oonsidercd.    (K  94)    8vo.    1867. 

American  Academy  of  Natural  Sciences — Proceedings  for  1866.    8vo. 

BakeweU,  F.  C.  Esq.  {the  AutJior) — A  Dynamical  Theory  of  the  Figure  of  the 
Earth.    (K94)    8vo.    1867. 

Bavarian  Academy  of  Science,  /toyaJ— Sitzungsberichte,  1867.  Band  I.  1-8.    8vo. 

Brooke,  Charles,  Esq.  F.RJS.  M.RJ  (the  Author)— Elements  of  Natural  Philosophy : 
based  on  the  Treatise  by  Golding  Bird.    6th  ed.    16 to.    1867. 
Remarks  on  the  Nature  of  Energy.    (From  M  Elements  of  Nat  Phfl."    1867.) 

Chemical  Society — Journal  for  June,  1867.    8vo. 

Denison,  Edmund  B.  Esq.  FMJ3.  M.BJ.  {the  Author}— Astronomy  without  Mathe- 
matics.  4th  ed.    16ta    1867. 
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Editor* — American  Journal  of  Science  and  Arts.    May,  1867.    8vo. 

Artizan  fox  Jane,  1867.    4to. 

Athenjeum  for  June,  1867.    4 to. 

British  Journal  of  Photography  Jbr  June,  1867.    4 to. 

Chemical  News  for  June,  1867.    4to. 

Engineer  for  June,  1867.    fol. 

Horological  Journal  for  June,  1867.    8vo. 

Journal  of  Gas-Lighting  for  June,  1867.    4to. 

Mechanics'  Magazine  for  June,  1867.    8vo. 

Pharmaceutical  Journal  for  June,  1867. 
EUioty  John  Lettsom,  Esq.  MM. I.    Eaerie  Rules  on  Earlie  Rising,  by  a  Late 

Philosopher.    Illustrated  by  Lady  Frances  Bushby.    4to.     1866. 
Franklin  Institute— Journal,  No.  497.    8vo.    1867. 
Gladstone.  John  Hall,  Esq.  Ph.  D.  F.R&  M.H.I,  (the  Author}— Theology  and 

Natural  Science ;  their  Mutual  Relations.    (K  94)    8vo.     1867. 
Madras  Literary  Society— Journal,  1856-66.    7  vols.    8vo. 
Marcel,  TF.t  MJ).  FJIJ3.  (the  Author}— On  a  Now  Process  for  Preparing  Meat  for 

Weak  Stomachs.    (K  94)    8vo.    1867. 
Pack*,  Edmund,  Esq.  M.R.I.-— Guide  to  the  Pyrenees,  by  Charles  Packe.     2nd  ed . 

16to.    1867. 
Photographic  Society-  Journal,  No.  182.    8vo.    1867. 
Row i.  Accademia  del  Xuori  Lined — AttL    Anno  xix.    4 to.     1866. 
Rfjyal  Society  of  London — Proceedings,  No.  93.    8vo.     1867. 
St.  Petersburg  Acudv'mie  des  Sciences— Me'moires.    7C  Serie.    Tome  X.    Nog.  3-15. 
4  to.     1SC6. 

Bulk-tins.    Tome  X.  et  Tome  XI.    Nos.  1,  2.    4to.    1866. 
United  Service.  Institution,  Royal— Journal,  No.  42.    8vo.    1867. 

Fa,  ado  y,  Professor — Three  Bars  of  Heavy  Glass  made  by  him,  and  employed  in 
h i.i  Experimental  Demonstration  of  the  Magnetization  of  a  Ray  of  Light 
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GENERAL  MONTHLY  MEETING^V^^:^: 

Monday,  November  4,  1867. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

Thomas  Anthony  Denny,  Esq. 
The  Honourable  John  C.  Erskine, 
Captain  Alexander  McNeile, 
The  Honourable  Thomas  J.  Wynn, 

were  elected  Members  of  the  Boyal  Institution. 

The  Hon.  Secretary  having  announced  the  decease  of  Fkofessoh 
Fabadat,  on  the  25th  of  last  August : — 

"  Hesolvkd,  That  the  Mcmbers'bf  the  Royal  Institution  sympathize 
most  deeply  with  Mrs.  Faraday  in  the  loss  of  their  Professor  and 
Friend. 

"  His  energy  and  genius  were  rewarded  by  discoveries  that  have 
made  their  Institution  renowned  throughout  the  world;  whilst  his 
judgment  and  kindness  were  so  frequently  and  so  well  shown  in  all 
that  related  to  the  good  of  the  Members,  that  they  feel  his  departure 
from  among  them  is  a  misfortune  which  no  words  can  adequately 
express." 

The  Secretary  reported  that  Professor  Fabadat  had  bequeathed 
various  MSS.  and  Books  to  the  Boyal  Institution  in  the  following 
terms: — 

"  Various  Philosophical  Notes  of  experimental  investigation  on  foolscap 
paper,  paired  in  series,  and  partly  bound  in  five  volumes ;  a  quarto  MS.  book  of 
Philosophical  Notes;  a  second  larger  quarto  of  similar  notes;  some  of  my 
Printed  Papers,  collected  in  two  bound  volumes  and  illustrated  l»y  letters,  &c. 
(the  one  4to,  the  other  8vo) ;  and  a  bound  copy  of  Davy's  •  Chemical  Elements,' 
being  a  copy  of  that  which,  whilst  abroad  in  1814-5,  he  prepared  for  a  second 
edition  (which  was  never,  published^ ; — these  I  offer  for  the  Library  of  the  Royal 
Institution,  if  the  Managers  should  think  them  worth  a  place;   if  not,  to 

remain  at  the  disposal  of  my  executors 

*  16  Jan.  1855.  M.  Faraday." 

1.  Professor  Faraday's  Philosophical  Notes,  MS.  (Sept.  1820-14  Oct.  1832.) 

2  vols.    4to. 

2.  His  Experimental  Notes,  MS.  (2  Feb.  1831-12  March,  18t>2.)    8  vols.    fol. 

3.  His  Papers,  printed  in  the  Philosophical  Transactions  of  the  ltoyul  Society, 

with  MS.  and  other  insertions.     1821-31.     1  vol.    4 to. 
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4.  His  Papers,  printed  in  the  "  Quarterly  Journal  of  Science"  and  the  " Philoso- 

phical Magazine  "  (with  MS.  insertions).    1817-32.    8vo. 

5.  Sir  Humphry  Davys  "Elements  of  Chemical  Philosophy"  (with  MS.  inser- 

tions).   8vo.    1812. 

Tho  following  MS.  and  Books  were  presented  by  Mrs.  Fakadat  : — 

1.  Professor  Faraday's  MS.  Memoranda  relating  to  his  Lectures  and  Friday 

Evening  Discourses  (1825-37).    4  vols.    4to. 

2.  His  MS.  Lecture  Notes,  viz. : — 

After  Easter  Lectures,  1831-53.    (25  thin  books.') 
Christmas  Juvenile  Lectures,  1841-61.    (9  thin  books.) 
Friday  Evening  Discourses,  1837-62.    (Separate  MS.) 

3.  His  Experimental  Researches  in  Electricity.  Series  I -XXX.  (Papers  extracted 

from  the  Philosophical  Transactions  of  the  Royal  Society) ;  and  Papers 
inserted  in  the  "  Proceedings  of  the  Royal  Institution  "  and  the  "  Philoso- 
phical Magazine/'  With  MS.  and  other  insertions.  1831-57.  5  vols.  4to. 
(The  continuation  of  Nob,  3  and  4  of  Professor  Faraday's  bequest) 

4.  General  Index  to  "Experimental  Researches."  Prepared  by  himself.    8vo. 

5.  Life  of  Sir  Humphry  Davy,  by  Dr.  J.  A.  Paris  (with  MS.  Letters  of  Sir 

H.  Davy  inserted).    4to.    1831. 

Connected  with  the  Royal  Institution. 

Memoranda  of  Friday  Evening  Meetings.    1826-36.    1  vol.    4to. 

"Helps," — Memoranda  respecting  the  IJousc,  Servants,  &c.  2  vols.  4to  and  16to. 


Bound 

Professor 
Faraday. 


Printed  Books. 

R.   Boyle,    Experiments  and  Notes  on   the   Prodvotiveness  of  " 

Chymicali  Principles.    16to.    1680. 
M.  J.  Brisson,  Elements  of  the  Natural  History  of  Mineral  Sub- 

stauces.    8vo.    1800. 
J.  Lyon,  Experiments  and  Observations  on  Electricity,  with  MS. 

Notes.    4to.    1780. 
J.  French,  Art  of  Distillation.    4to.     1650. 
Philosophical  Conferences  of  the  French  Virtuosi,    fol.    1665. 
U.  Power,  Experimental  Philosophy.    4 to.     1664. 
R.  Hooke,  Microscopic  Observations.    New  ed.    fol.    1780. 
M.  Frezier,  Traite*  des  Feux  d'Artifico.    8vo.    1747. 
P.  F.  Baddoley,  on  Dust-Storms  of  India.    4to.    1852-60. 
Spulanzini,  Nouveaux  Recherches  sur  les  Decouvertes  Microscopiques ;  aveo 

Notes  par  Needhara.    8vo.    1769. 
Sir  H.  Davy,  On  tho  Safety-Lamps  for  Coal-Mines,  with  some  Researches  on 

Flame.    8vo.     1818. 
Philosophical  and  Miscellaneous  Tracts,  arranged  by  Professor  Faraday.  10  Tola. 

8vo.    1803-34. 
Thames  Tunnel.    Plates,  with  Descriptions,    fol.    1824. 
Notices  sur  Pharcs  et  Fanaux  Lcnticulaires.    4to.    1858. 

"  Resolved,  That  tho  Honorary  Secretary  be  desired  to  give  to 
Mrs.  Faraday  tho  Spocial  Thanks  of  the  President,  Managers,  and 
Members  for  the  Present  of  Books,  tho  Memorials  of  Professor  Faraday. 
Tho  Donation  which  he  made  them  of  MS.  Notes,  they  value  in  the 
highest  degree,  and  they  will  give  directions  that  they  shall  be  pre- 
served in  safety,  apart  from  the  general  Library,  and  be  always  open 
to  Mrs.  Faraday,  or  to  any  of  the  Members  of  tho  family  who  may 
desire  to  see  them." 
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The  Special  Thanks  of  the  Members  were  returned  to  George 
WABnreroir,  Esq.  for  his  Present  of  "  Memoires  de  Physique  et  de 
Chimie  de  la  Societe  d'ArcneiL  3  yols.  8vo.  1807-17.  (Vols.  I. 
amd  II.  were  bound  by  Professor  Faraday.) 

The  following  Pebbentb  were  laid  on  the  table,  and  the  thanks  of 
the  Members  returned  for  the  same : — 

Academic  Imperials  des  Sciences  de  SL  Petersburg— Memoires.    Tome  X.  No.  16. 
Tome  XL  Nos.  1-8.    4to.    1867. 

Bulletin*.    Tome  XI.  Nos.  3, 4.    Tome  XIL  No.  1.    4to.    1860-7. 
Academic  Royals  de  Belgians— Bulletins.    Tomes  XXII.-XXIH.    8vo.    1866-7. 

Annuaire.    1867.    loto. 
Actuaries,  Institute  o/— Journal,  Nob.  68,  69.    8m    1867. 

Agricultural  Society  of  England,  ifoyaZ— Journal.  New  Series.  No.  6.  8vo.  1867. 
American  Academy  of  Arts  and  Sciences— Proceedings.    Vol.  VII.  Nos.  13-23. 

8va    1866. 
American  Institute,  New  York— Annual  Report,  1865-66.    8m    1866. 
American  Philosophical  Society— Proceedings,  No.  7&    8m    1861. 
Astatic  Society  of  Bengal— Proceedings,  1866,  Title,  &c ;  and  1867,  Nos.  2-7.    8m 

Journal,  Noa.  186, 138, 139.    8m    1867. 
Astronomical  Society,  JfoyaZ— Monthly  Notices,  Vol.  XXVII.   Nos.  8,  9.     8m 

1867. 
Author— Present  State  of  the  Practice  of  Physic.    (K94)    8m.    1867. 
Bavarian  Academy  of  Science,  Royal— Sitzungsberiohte,  1867.    Band  L    Heft  4. 
Band  IL    Heft  1.    8m 

Abhandlungen.    Band  X.  Abth.  1.    4 to.    1866. 
BayUy,  Francis,  Esq.  M.R.L — Archteologia  Gantiana ;  being  Transactions  of  the 

Kent  Archaeological  Society.    Vols.  I.-VI.    8m    185&-66. 
Beamish,  Richard,  E$q.  FAJ§.  M.R.L  (the  Author}— The  Psychonomy  of  the 
Hand ;  or,  the  Hand  an  Index  of  Mental  Development    2nd  ed.    1865.    4tn. 
Bigsby,  J.  J.  M.D.  M.R.L  (the  Author) — Brief  Account  of  tho  Thesaurus  Siluricus. 

(Proc.  B.  8.  Vol.  XV.)    8m    1867. 
British  Association  for  the  Advancement  of  Science— "Report  of  the  Thirty-Sixth 

Meeting  at  Nottingham,  Sept.  1866.    8m.    1867. 
Boston  Society  of  Natural  History,  C^.— Memoirs.     Vol.  I.   Parts  1,  2.      4 to. 
1866-7.    Proceedings.  Vol.  X.  Nos.  19-27.  Vol.  XL  Nos.  1-6.  8m  186&-7. 

Condition  and  Doings.    8m    1866. 
Chemical  Society— Journal  for  July  to  Oct.  1867.    8m 

Connecticut  Academy  of  Arts  and  Sciences  —Transactions.  Vol.  I.  Parti.  8m  1866. 
Cornwall  Polytechnic  Society,  Royal— Thirty-fourth  Annual  Report.    8vo.     1866. 
Devonshire  Association  for  the  Advancement  of  8cienre—Ri\>ort  and  Transactions. 

VoL  II.  Part  1.    8m    1867. 
Editors — American  Journal  of  Science  and  Arts.    July  and  Sept.  1867.    8vo. 

Artizon  for  July  to  Oct  1867.    4to. 

Athen»um  for  July  to  Oct  1867.    4  to. 

British  Journal  of  Photography  for  July  to  Oct  1867.    4to. 

Chemical  News  for  July  to  Oct  1867.    4  to. 

Engineer  for  July  to  Oct  1867.    fol. 

Geological  and  Natural  History  Repository.    Aug.-Oct.  1867.    8vo. 

Horological  Journal  for  July  to  Oct  18(17.    8vo. 

Journal  of  Gas-Lighting  for  July  to  Oct.  1867.    4to. 

Mechanics'  Magazine  for  July  to  Oct.  1867.    8vo. 

Pharmaceutical  Journal  f«»r  July  to  Oct.  1867. 

PlKitofrraphic  News  for  July  to  CVt.  1WJ7.    4  to. 

Practical  Mechanics'  Journal  for  July  to  Oct.  1867.    4to. 

Bevue  des  Conn  Scientifiqnes  et  Litteruircs.    Juillet-Oet.  1867. 

Q  2 


l'JO 


Grm  oil  Monihlf  Meeting, 


[Nov.  i. 


!,'>.     8vo.     18117. 


EUlut,  lady— History  of  Tiulin,  sw  I.. 1.1  l.y  its  own   Ili-toriatifl.      I'Mitpd  from  the 

I'i-iIiIliiilus  l'j.|«.rs  ui  iln-  l.iir  Sir  it.  M.  Klliui.  by  I'rofe^-r  Julin  DuwcotL 
Vol.  I.     8vo.      18117. 

Em«  JtutflufF.  I'.S.— Proceeding*.    Vril.  IV  and  V  I.  V.  Vttm.  i,  3.    1B64-T. 

Furadui,.  I'n,frf-t,r.  1KC.L.  I>'.ltj>.  M.It.I.— Ovir.-igt  over  .).  I  ton.  Ihiriske  Vidan*- 
knborncs.    Selskuba:  1865.     Not  1-4,  1866.   Nos.  1-G.   IfflT.  Ne*.  U*  too. 

It.    Ai'Liiik'iuia  ili-l It  Si- i ..■[,/,.■  ill   Ti'iiiMi : —  M.-nn.n  i;i.      '1*   S..: ii. .      Tiiuni  XXII. 
4to.     18ti5.     Alti.    Vol.  I.     bigp.  3-7.     Vol.11.    Diep.  1-3.    8vo.     1MI  ;-T. 

Natuiirliiimligi!  Vtrliiiiiili'liiigcii.  To.n.-  XXI V.  I  -:i.  Tumi' XXV.   1.    4to.    1S.16. 

ftrnhhraTflliiilMiiiiiiliMmlnifTnlnnicw  Tome  I.  Liv.  5.  Toino  II.  Liv.  1,2.  8vt>. 
186G-7. 
Franklin  Indit-de— Journal.  Nus.  -J!''!*.  1W,  5110,  .*i01.  8vo.  1KG7. 
CiVncivr— -Siji-ii-tii  <lv  I'liy.-iqiic.  M</iin:iir<-.i.  'J'oim:  XIX.  I"-'  Puttie. 
Geographical  Hi  -.:<.t>j,  i!.,y,tl—  lViCL-t-diii^H.  Vol.  XI.  Xos.  3,  4,  5. 
t,'e'ilt~iKnl  Iii-I.l.uli'.,  fnijifrinl,  I'.ivuM  -,I:iIi]-Ip:i.-Ii.  ist;7.  Not  "  " 
<:ei-Ii»iir,il  .<„,:i,tn     Qniirsvilv  .I..ur;i:il,  No,  :H.     Svo,      1m17. 

Journal.  Vol.  XXXVI.    8vo.    1867. 
(leolyical  SiK-ieJy  ••]'  Irdnrul,  tl"««t-    .Tminial.     Vol.  I.  Part  3.     Svo.     1B67. 
Gcm'/inti,  Renin  Acrodctnio  tie  -Alii.      Vol.  XIV.   l'i.-ji.  I.  2.     Svo.     18(37. 

llt.rt.riilluriil  &»■;,.! v.  ]{;i/ttl  -  l-r ..-.lin-.i,  No.  8.     Kto.     1807. 

llull  Iloyal  L,ftil»t'r„i-  Aiim.ii]  Hi  port,  ]Sti7.     8vo.     18(17. 

Lmi2»  Literary  nod  l,hihit,i1-.h!f-d  S.-,..„-l,j     Animal  lfqmrt,  18(iC-(!7.     Rvo.     18(17. 

iuw,  Leone,  Kuj.  F..<K.  F.S.A.  'lie  .hoW)— Wa;i<  -  and  Kjirnin-s  of  the  Working 

Classes.     Sto.     18117. 
ii'mwuM  aW./v-Ti-.iii.-.i.Hiori.-i.  V.,1.  XXV.  Part  3.     4lo.      I8G7. 

Index  to  Transactions.     Vol.  I.-XXV.     4to.     1867. 

Journal,  Noa.  36,  40,  41.     tivo.     1867. 
Marriott,  Mmunytw,  Feq.  M.It.I,    the  Fdihr  —  VilJi.-li'*  Popular  Tnbles.     Cth  til. 

lGta     18(17. 
Mechmi'-nl     I'litjinei  r»      TiittHiitinii,    Ilinnitiyhain  —  Proceedings,  August,  l'art  4 

Media 


!.  1806. 


8vo. 


ml  Cltiruryical&vi.l-i,  I.'i.yoJ—  I'roc'odiri;-;.-..    Vol.  V.  No.  8.    8to.    1897. 

ju t rt of ni, u;i'.-.i J  S-riri,/  -I'i wii-iK'.  No.  :■('_•,    ,Sva    1867. 

JMiwre,  C,  IT.  &/.  .l/.i.'.i.    (A.  ,lrn',W)-K.  .l.-it  linitsiT.     10to.     1807. 
Mardiitnn,  Sir  Roderick  I,  Burl.  K.G.B.  M.S.I,  {the  Author)— Address   to    the 
Itoynl  Gungrap  Ideal  S.-'iilv,  27  May,  LS(i7.    8vo. 
Bilurin.     4tlinl.     8vu.     1867. 
Fhttttyraphic  Society— Journal,  Nos.  183-1S6.     8vo.     18G6. 
Reeva,    C.  E.    M.I),    {tlte   Author  — -Sol'iciiins   of  the   ijjtomacU   in    CliilJjim    in 

Auflltiilio.    (K  94)    8\-o.     1807. 
R.ii/iiI  Co'lr-nt  ui' Siirii'-'nu  —  C'iili-rulnr,  &c,     8vo.     1867. 

;;..v-i'  ■•<■■■  ;-'it/ ../  ;.;■ .:./,.;.-  i'r..-i -.liuj-.  Nn-.  :>\.  vx    tv>.    isct. 

Pliilomiplii«trrr.i!i«K;lions.  18(17.      V.,1.  Cl.VII.  Part  1.     4to.     18G7. 
Royal  Society  of  Taitnaoio      It'  siilt.j  of  '1'wi-iity-livc  Yciir.-*'  Mok-orologioiJ  OImct- 

vatioiiii  for  llibatl  Tosvsi,  &c.  I.v  Kronj-  AMmtt.     4  to.     1866. 
Saryeat,  Frttl.  Etj.  >lh?  Author)-  -  CoinpriHliiiui  of  llil>lii'ul  Oitirism,     8vo.      1SCS. 

UMitlfntimi   l.t.-ltlul, I'.S.      Annili.l  li.p.ll.  1m:.-.,      .Svo.       IWrlrl. 

Hlni(li-o]ii;iii  Mii-i'.  Ilii:ii..ii-.  O.lli'ctions.      Vi'ls.  VI.  anil  VII.     8vo.     1867. 
Hi.    Iltirtlu'lmiKir'ti     ll.-^-'tttl,    'irt,. fitter-    St.     liiiitlmli w's    llnspibil     l!<:-[>orlK. 

Vol.  111.    8m     1867. 
Stutiitintl  SikMij  ■./  Luiotwi—Jonrna),  Vol.  XXX.  Parts  2,  3.     Svo.     ^867. 
Surgeon-General  War  Department,  V.S.     Itcport  rat  KpMeiuir  Cliolera.    4W.    1867. 
Symont,  G.  J.  Etq.  {the  Author)— Symnns'  Mi.iitl.lv  11.  I.  nn>l.i^i.':il  llri',-;,zini-,  July 

to  Oct.  18U7.     8vo. 
Teyler  Foundation,  Iltuirl.m  -Anliiv,-  ilu  )!»«  T.-vU-r.     Vol.  I.  Fuse.  2.     Sto. 

1867. 
Ty.ol.tU,  Proftuor,  LL.ll  F.I1.S.  MR  I.  (the  Author)— Sound  :  a  Course  of  Eiglit 

LeL'tuit*.  di-liviTod  a  I  lh.  It.iv.il  Iii~ti'iitj..n  of  <  irr-nt  Hriduu.     Mvo.     1867. 
UuiUd  0,-rn,;:  Inriiliiiivn,  Royal — lotimal.  No».  4:1,  44.     8vo.     18U7. 
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United  State*  Natal  Observatory — Astronomical  Observations  in  1851  und  1852. 

4to.     1867. 
University  College,  London— Calendar.     1867-8.    8vo. 
Yereins  zur    Befordenuuj   des  Qeuserbfieissts  in  Prtuesen  —  Verhandlungen,  Jan. 

Feb.  1866.    4ta 
Warington,   George,  Esq. — Mcnioires  dc  Physique  et  do   Chiinie  do  la  Soeie'tc' 

d'Arcueil.    3  vols.    8va    1807-17.    (Vols.  I.  and  II.  were  bound  by  Professor 

Faraday.) 
Zoological  Society  of  London— Transactions,  Vol.  VI.  Parte  1-3.     4to.     I860  -7* 
iToceedings,  1866.    8vo. 


GENERAL  MONTHLY  MEETING, 
Monday,  December  2,  1867. 

Sib  Hknbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

George  Willoughby  Hcinons,  Esq.  M.I.C.E.  FJR.G.S. 

William  Daniel  Michcll,  Esq. 

Morgan  Bransby  Williams,  Esq.  M.I.C.E. 

were  elected  Members  of  the  Royal  Institution. 

The  following  Lecture  Arrangements  for  the  ensuing  Season  were 
announced : — 

Professor  Tyxdall,   LL.D.   F.R.S. — Six    Lectures  (adapted   to  a   Jar+nile 
Auditory),  'On   Heat  and   Cold.'      Ou  December  20th,  28th,  3 1st, 
1807 ;  January  2nd,  4th,  7tb,  1808. 

Professor  Tyxdall,  LL.D.  F.R.S. — Nine  Lectin  is;,  *  On  the  Discoveries  of 
Faraday.'  On  Tuesdays  and  Thursdays:  Thursday,  Jan.  3Uth  lo 
Feb.  27*th. 

Professor  R«*coi:,  F.ILS. — Eleven  Tx-rturcs,  'On  the  Chemistry  of  the  Non- 
Mctullic  Eh-ments.'     On  Saturdays,  January  2.'>th  to  April  4th. 

George  Sciiarf,  Esq.  F.S.A. — Six  Lectures,  M)u  Historical  Portmituro  of 
Various  Times  und  Countries.'  On  Tuesda\s  and  Thursdays,  March 
3rd  to  PJth. 

Dr.  Michael  Foster.— Four  Lectures,  •  On  the  vaiioiis  Modes  of  the  I)rv«-1o]Hi- 
ment  of  Aiiiiu-d*.'  On  Tuesdays  and  Thursdays,  Mai  eh  24tli  to 
April  2nd. 

After  Easter. 

Dr.  Michael  Foster. — Eijjlit  Lectures  (in  continuation),  4Ou  the  various 
Modes  of  the  Devvlepemeiit  of  Animals. '  On  Tuesdays,  April  21t>t 
to  Juno  0th. 

Professor  Odlino,  F.R.S. — Four  Lectures,  'On  Chemical  Combination.'  On 
Thursdays  und  Saturday*.  April  23rd  to  Mav  2nd. 

Professor  Uain.— Four  Ijertures,  'On  Popular  Errors.'  On  Thuraduvs  and 
Saturdays,  May  7th  to  10th. 
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Professor  Robert  Grant,  LL.D.  F.R.S. — Four  Lectures,  'On  Astronomy, 
viewed  in  connexion  with  the  establishment  of  the  Theory  of  Gravi- 
tation.'   On  Thursdays  and  Saturdays,  May  21st  to  30th. 

Sir  John  Lubbock,  Bart.  F.R.S. — Four  Lectures,  'On  Savages.'  On  Thursdays 
and  Saturdays,  June  4th  to  13th. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Chemical  Society— Journal  for  Nov.  1867.    8vo. 

Corporation  of  London— Catalogue  of  the  Library.    7th  supp.    8vo.    1867. 

Dela  Rive,  Professor  A.  {the  Author) — Notice  sur  Michel  Faraday.    8vo.     1867. 

Dublin  Society,  Royal— Journal,  No.  36.    8vo.    1867. 

Editors — American  Journal  of  Science  and  Arts.    Nov.  1867.    8vo. 

Artizan  for  Nov.  1867.    4to. 

Athenaeum  for  Nov.  1867.    4to. 

British  Journal  of  Photography  for  Nov.  1867.    4to. 

Chemical  News  for  Nov.  1867.    4to. 

Engineer  for  Nov.  1867.    fol. 

Horological  Journal  for  Nov.  1867.    8vo. 

Journal  of  Gas-Lighting  for  Nov.  1867.    4to. 

Mechanic's  Magazine  for  Nov.  1867.    8vo. 

Pharmaceutical  Journal  for  Nov.  1867. 

Photographic  News  for  Nov.  1867.    4to. 

Practical  Mechanic's  Journal  for  Nov.  1867.    4to. 

Revue  des  Cours  Scientifiques  et  LitteYaires.    Nov.  1867. 
Franklin  Institute— Journal,  No.  502.     8vo.    1867. 

Geological  Institute,  Imperial,  Vienna— Jahrbuch,  1867.  No.  3.    8vo.    1867. 
Geological  Society — Quarterly  Journal,  No.  92.    8vo.    1867. 
Glasgow  Philosophical  Society— Proceedings.    Vol.  VI.  No.  3.    1867. 
Grove,  W.  R.  Esq.  Q.C.  F.R&  M.R.I.  (the  Author)— On  Taxation  of  Permanent 

and  Precarious  Incomes.    (K  95)    8vo.    1867. 
GyU,  Gordon  W.  J.  Esq.  M.R.L  (the  Translator)— Galatea:  a  Pastoral  Romance 

by  Miguel  de  Cervantes  Saavedra.    8vo.    1867. 
Lee,  Robert  J.  M.B.  M.R.I,  (the  Author)— Explanation  of  the  Movements  of  the 

Iris.    8vo.    1867. 
Linnean  Society — Proceedings,  1866-7.    8vo. 

JoumaL  No.  37.    8vo.    1867. 
Mechanical  Engineers'  Institution,  Birmingham — Proceedings,  Jan.  1867.    8vo. 
Morris,  James,  M.D.  (the  ^uMor)— Germinal  Matter  and  the  Contact  Theory. 

2nd  ed.    16to.    1867. 
Photographic  Society— Journal,  Nob.  186, 187.    8vo.    1867. 
Society  of  Arts— Journal  for  Nov.  1867.    8vo. 
Surgeon-General  United  States*  Army—  Catalogue  of  the  Surgical  Section  of  the 

U.S.  Army.    4to.    1866. 
Symons,  G.  J.  Esq.  (the  Author)—  Symons*  Monthly  Meteorological  Magaiina, 

Nov.  1867.    8vo. 
United  Service  Institution,  Royal— Journal,  No.  45.    8vo.    1867. 
Zoological  Society  of  London— Transactions,  Vol.  VI.    Part  4.    4to.    1867. 
Proceedings,  Parts  1  and  2.    1867.    8vo. 


1868. 


WEEKLY    EVENING    MEETINGS, 

Fridays,  January  17  and  24,  18G8. 

Sib  Hxnbt  Holland,  Bari  MJ).  D.CJL  F.R.S.  President, 

in  the  Chair. 

John  Ttndall,  Esq.  LL.D.  F.R.S. 

vaoFOtxji  or  natural  nuLoeorur,  boyal  institution. 

On  Faraday  as  a  Discoverer. 


Parentage  :  Introduction  to  the  Boyal  Institution  :  Earliest  Experiments : 

First  Boyal  Society  Paper :  Marriage. 

It  has  been  thought  desirable  to  give  you  and  tho  world  somo 
image  of  Michael  Faraday,  as  a  scientific  investigator  and  dis- 
coverer. The  attempt  to  respond  to  this  desire  has  been  to  me  a 
labour  of  difficulty,  if  also  a  labour  of  love.  For  however  well 
acquainted  I  may  be  with  tho  researches  and  discoveries  of  that  great 
master, — however  numerous  tho  illustrations  which  occur  to  mo  of 
the  loftiness  of  Faraday's  character  and  the  beauty  of  his  life, — still 
to  grasp  him  and  his  researches  as  a  whole ;  to  seize  upon  tho  ideas 
which  guided  him,  and  connected  them ;  to  gain  entrance  into  that 
strong  and  active  brain,  and  read  from  it  the  riddle  of  the  world — this 
is  a  work  not  easy  of  performance,  and  all  but  impossible  amid  the  dis- 
traction of  duties  of  another  kind.  That  I  should  at  one  period  or 
another  speak  to  you  regarding  Faraday  and  his  work,  is  natural,  if 
not  inevitable;  but  I  did  not  expect  to  bo  called  upon  to  speak  so 
soon.  Still  the  bare  suggestion  that  this  is  tho  fit  and  proper  time 
for  speech  sent  me  immediately  to  my  task  :  from  it  I  have  returned 
with  such  results  as  I  could  gather,  and  also  with  the  wish  that  those 
results  were  more  worthy  than  they  are  of  the  greatness  of  my  theme. 

It  is  not  my  intention  to  lay  before  you  a  life  of  Faraday  in  tho 
ordinary  acceptation  of  tho  term.  The  duty  I  have  to  perform  is  to 
give  you  somo  notion  of  what  ho  lias  done  in  tho  world;  dwelling 
incidentally  on  tho  spirit  in  which  his  work  was  executed,  and  intro- 
ducing such  personal  traits  as  may  bo  necessary  to  the  completion 
of  your  picture  of  tho  philositplicr^  though  by  no  means  adequate  to 
give  you  a  complete  idea  of  the  man. 

The  newspapers  have  already  informed  you  that  Michael  Faraday 
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was  bora  At  Ncwington  Butts,  on  tLe  22nd  of  September,  1791,  and  that 
he  fell  finally  asleep  at  Hampton  Court,  on  tho  25th  of  August,  1867. 
Believing,  as  I  do,  in  the  general  truth  of  the  doctrine  of  hereditary 
transmission — sharing  the  opinion  of  Mr.  Carlyle,  that  "a  really  able 
man  never  proceeded  from  entirely  stupid  parents" — I  once  used  the 
privilege  of  my  intimacy  with  Mr.  Faraday  to  ask  him  whether 
his  parents  showed  any  signs  of  nnnsnal  ability,  lie  could  remem- 
ber none.  His  father,  I  believe,  was  a  great  sufferer  during  the  later 
years  of  his  life,  ami  this  might  have  masked  whatever  intellectual 
power  he  possessed.  When  thirteen  years  eld,  that  is  to  say  in  1804, 
Faraday  was  apprenticed  to  a  bookseller  and  bookbinder  in  Bland- 
ford-street,  Manchester -square  :  hero  be  spent  eight  years  of  his  life, 
ftfter  which  he  worked  as  a  journeyman  elsewhere. 

You  have  also  heard  the  account  of  Faraday's  first  contact  with 
the  Royal  Institution  :  that  ho  was  introduced  by  one  of  the  members 
to  Sir  Humphry  Davy's  last  leetureB  ;  that  he  took  notes  of  those 
lectures,  wrote  them  fairly  [Wit,  mid  sent  them  to  Davy,  entreating  him 
at  the  same  time  to  enable  him  to  quit  trade,  which  he  detested,  and 
to  pursue  scieuco,  which  ho  loved.  Davy  was  helpful  to  the  young 
man,  and  this  should  never  be  forgotten :  he  at  once  wrote  to  Faraday, 
and  aftorwai'iK  when  an  uppuvtumty  ucciirml.  tiuido  him  his  assistant." 
Mr.  Gassiot  has  lately  favoured  me  with  tho  following  reminiscence 
of  this  time : — 

"  Clapham  Commos,  Sitbrry, 

"  28tfi  November,  18C7. 
"  My  dkab  Tyndalij, 

"Sir  II,  Davy  was  nccnstumcil  to  call  on  the  late  Mr.  1'iipya  in  the  Poultry 
en  his  wny  to  the  London  Institution,  of  which  l'i  pys  «"i\s  one  ei'  the  original 
managers;  the  latter  told  me  that  en  one  occasion,  Sir  II.  Davy,  allowing  him 
a  letter  said,  '  Pepys,  what  am  I  to  Ju,  here  is  a  letter  from  n  young  man 
named  Faraday  ;  he  lias  Wn  attending  my  lectures  and  wants  mo  to  give  him 
employment  at  the  Royal  Institution,  u-hit  am  J  <lu't'  *  /Jo,' replied  Pcpys, 
'  put.  him  to  wash  bottles ;  iT  he  is  pood  for  anything,  he  will  do  it  directly ; 
if  he  refuses,  he  is  good  for  nothing.'  '  No,  no,'  replied  Davy  ;  '  we  muit  try 
trim  with  something  better  than  that.'  The  result  was,  that  Davy  eugaged 
hin>  to  nseist  in  the  Laboratory  at  h--/;/i/  ivajoB. 

"  Davy  held  tl m  joint  office  of  Professor  "f  Chemistry,  nod  Director  of  the 
Laboratory ;  he  ultimately  gave  up  the  former  to  the  late  Professor  Brando, 

"  Hero  is  Divvy's  reeoiiinii.'iiiliilioi 
(he  Royal  Institution,  at  a  meeting  oi 
Ew[„  in  the  ebair: — 

'■  Sir  Humphry  Davy  tins  the  honour  to  inform  the  managers  that  he  has  found 
a  person  who  is  desirous  to  octiipy  tin-  siliinliun  in  [be  Institution  lately  tilled  by 
William  Payne.  His  name  is  Michael  ^urmlay.  lie  is  a  youth  of  twenty-two 
years  of  age.  As  for  as  Sir  II.  Davy  his  liu-n  able  to  observe  or  necertain,  ha 
appears  well  fitted  f'.r  tbe  riliii.tioit.  His  habit*  seem  gi-n.l ;  his  disposition  active 
nnil  diet-rfiil,  iiml  his  uumnor  intelligent,  lie  is  villi]  ;  to  i  i  zage  him*  It'  .  n  the 
same  terms  as  given  to  Mr.  I'nyne  nt  tbe  lime  i.!' quilling  the  Institution. 

•'  Smhxd,— That  Michael  Faraday  ho  engaged  to  fill  the  situation  lately 
occupied  by  Mr.  Payne,  on  tbe  same  terms." 
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but  be  insisted  that  Faraday  should  be  appointed  Director  of  the  Laboratory, 
and,  as  Faraday  told  me,  this  enabled  him  on  subsequent  occasions  to  hold  a 
definite  position  in  the  Institution,  in  which  he  was  always  supported  by  Davy. 
I  believe  he  held  that  office  to  the  last. 

"  Believe  me,  my  dear  Tyndall,  yours  truly, 

"  Dr.  TyndaU."  "  J.  P.  Gassiot. 

From  a  letter  written  by  Faraday  himself  soon  after  his  appoint- 
ment as  Davy's  assistant,  I  extract  the  following  account  of  his  intro- 
duction to  the  Royal  Institution : — 

"  London,  Sept.  ISth,  1813. 

*  As  for  myself  I  am  absent  (from  home)  nearly  day  and  night  except 
occasional  calls,  and  it  is  likely  shall  shortly  be  absent  entirely,  but  this 
(having  nothing  more  to  say  and  at  the  request  of  my  mother)  I  will 
explain  to  you.  I  was  formerly  a  bookseller  and  binder,  but  am  now  turned 
philosopher,*  which  happened  thus : — Whilst  an  apprentice,  T,  for  amusement, 
learnt  a  little  chemistry  and  other  parts  of  philosophy,  and  felt  an  eager  desire 
to  proceed  in  that  way  further.  After  being  a  journeyman  for  six  months  under 
a  disagreeable  master,  1  gave  up  my  business,  and  through  the  interest  of  a 
Sir  H.  Davy,  filled  the  situation  of  chemical  assistant  to  the  Royal  Institution 
of  Great  Britain,  in  which  office  1  now  remain ;  and  where  I  am  constantly 
employed  in  observing  the  works  of  nature,  and  tracing  the  manner  in  whicn 
she  directs  the  order  and  arrangement  of  the  world.  I  have  lately  had  pro- 
posals made  to  me  by  Sir  Humphry  Davy,  to  accompany  him  in  his  travels 
through  Europe  and  Asia  as  philosophical  assistant.  If  I  go  at  all  I  expect 
it  will  be  in  October  next — about  the  end,  and  my  absence  from  home  will 
perhaps  be  as  long  as  three  years.    But  as  yet  all  is  uncertain/1 

This  account  is  supplemented  by  tho  following  letter,  written  by 
Faraday  to  his  friend  De  la  Kive,  j  on  tho  occasion  of  tho  death  of 
Mrs.  Marcet.     The  letter  is  dated  2nd  Sept.,  1858  : — 

•'  Mr  dear  Fbiexd, 

u  Your  subject  interested  me  deeply  every  way  ;  for  Mrs.  Marcet  was  a 
good  friend  to  me,  as  she  must  have  been  to  many  of  the  human  race.  1 
entered  the  shop  of  a  bookseller  and  bookbinder  at  the  ace  of  13,  in  the  year 
1801,  remained  there  eight  years,  and  during  the  chief  part  of  the  time 
bound  books.  Now  it  was  in  those  books,  in  the  hours  alter  work,  that  I 
found  the  beginning  of  my  philosophy.  There  were  two  that  especially  helped 
me,  the  '  Encyclopaedia  Britannica,'  from  which  I  gained  my  iirst  notions  of 
electricity,  and  Mrs.  Marcet  s '  Conversations  on  Chemistry,'  which  gave  me 
my  foundation  in  that  science 

"  Do  not  suppose  that  I  was  a  very  deep  thinker,  or  was  marked  as  a  pre- 
cocious ]*rson.  1  was  a  very  lively,  imaginative  person,  and  could  believe  in 
the  *  Arabian  Nights'  as  easily  as  in  the  '  Encyclopjedia.'  But  facts  were 
important  to  me,  and  saved  me.  I  could  trust  a  fact,  and  always  cross- 
examined  an  assertion.  So  when  I  questioned  Mrs.  Marcct's  l>ook  by  such 
little  experiments  as  I  could  find  means  to  perform,  and  found  it  true  to  the 


*  Faraday  loved  this  word  and  employed  it  to  tho  last ;   he  had  an  intense 
dislike  to  the  modern  term  physicist. 

f  To  whom  I  am  indebted  for  a  copy  of  the  original  letter. 
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facta  as  I  could  nuilrrsiaml  tlmii,  I  felt  that  I  had  got  hold  of  an  anchor  in 
chemical  knowledge,  and  clung  fast  to  it.  Thence  my  deep  veneration  lor  Sirs. 
Marcel — first,  as  one  who  had  cotilerred  great  jtcrsonal  good  and  pleasure  ou 
me ;  and  then  as  ono  able  to  convey  the  truth  and  principle  of  those  boundless 
fields  of  knowledge  which  concern  natural  things,  to  the  youug,  untaught,  and 
inquiring  mind. 

"  You  may  imagine  my  delight  when  I  came  to  know  Mrs.  Marcct  per- 
sonally ;  how  often  I  cant  my  thoughts  backward,  delighting  (o  connect  the 
past  and  the  present ;  how  often,  when  sending  a  paper  to  her  as  a  thank- 
offering,  I  thought  of  my  first  instructress,  and  such  like  thoughts  will  remain 

"  I  have  some  such  thoughts  even  as  lv.nn.l-  //••ur  "irn  fuih<  r  ;  who  was,  I 
may  say,  the  first  who  j*™ui:iLly  at  t.Jeiicva,  and  iilterwards  by  e'jrresijondence, 
ineonnv-ed,  and  by  that  sustained  me." 

Twelve  or  thirteen  years  ago  Mr,  Faraday  and  myself  quitted  the 
Institution  one  evening  together,  to  pay  a  visit  in  Baker-street.  Ho 
took  my  arm  at  the  door,  and,  pressing  it  to  his  side  in  his  warm 
gonial  way,  said,  "  Come,  Tyndall,  I  will  now  show  you  something 
that  will  interest  you."  We  walked  northwards,  passed  the  house  of 
Mr.  Babbage,  which  drew  forth  a  reference  to  the  famous  evening 
parties  once  assembled  there.  We  reached  Bland  ford -street,  anil 
after  a  little  looking  about,  he  paused  before  a  stationer's  shop, 
and  then  went  in.  On  entering  tho  shop,  his  usual  animation  seemed 
doubled;  he  looked  rapidly  at  everything  it  contained.  To  the  left 
on  entering  was  a  door,  through  ivhii-h  he  Linked  down  into  a  little 
room,  with  a  window  in  front  facing  Blandford-stroet.  Drawing  mc 
towards  him,  he  said  eagerly,  "  Look  there,  Tyndall ;  that  was  my 
working-ploco.  I  bound  books  in  that  little  nook."  A  respectable- 
looking  woman  stood  behind  the  counter :  his  conversation  with  mo 
was  too  low  to  be  heard  by  her,  and  ho  now  turned  to  tho  counter  to 
buy  some  cards  as  an  excuso  for  our  being  thoro.  Ho  osked  the  woman 
her  name — her  predecessor's  name — his  predecessor's  name.  "That 
won't  do,"  he  said,  with  gooil-liiniRiiirei'l  impatience,  who  was  hit  pre- 
decessor?" "Mr.  Eieban,"  she  replied,  and  immediately  added,  as  if 
suddenly  recollecting  herself,  "He,  sir,  was  the  master  of  Sir  Charles 
Faraday."  " Nonsense  I"  ho  responded,  "there  is  no  such  person." 
Great  was  her  delight  when  I  told  her  tho  namo  of  her  visitor ;  but 
she  assured  mo  that  as  soon  as  she  saw  him  running  about  the  shop, 
she  felt — though  she  did  not  know  why— that  it  must  bo  "  Sir  Charles 
Faraday." 

Faraday  did,  as  you  know,  accompany  Davy  to  Rome ;  ho  was 
re-engaged  by  tho  managers  of  the  Royal  Institution  on  the  15th  of 
May,  1815.  Hero  ho  made  rapid  progress  in  chemistry,  and  after  a 
time  was  entrusted  with  easy  analyses  by  Davy.  In  those  days  the 
Royal  Institution  published  '  The  Quarterly  Journal  of  Science,'  the 
precursor  of  our  own  '  Proceedings.'  Faraday's  first  contribution  to 
science  appeared  in  that  journal  in  1816.  It  was  an  analysis  of 
some  caustic  linio  from  Tuscany,  which  had  been  sent  to  Dayy  by 
tho  Duchess  of  Montrose.     Between  this  poriod  and  1818  various 
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notes  and  papers  were  published  by  Faraday.  In  1818  he  experi- 
mented upon  "Sounding  Flames."  Professor  Auguste  Do  la  Rive, 
lather  of  our  present  excellent  Do  la  Rivo,  had  investigated  those 
Bounding  flames,  and  had  applied  to  them  an  explanation  which  com- 
pletely accounted  for  a  class  of  sounds  discovered  by  De  la  Rive 
himself.  By  a  few  simplo  and  conclusive  experiments  Faraday  proved 
that  the  explanation  was  insufficient.  It  is  an  epoch  in  the  lifo  of  a 
young  man  when  he  finds  himself  correcting  a  person  of  eminence, 
and  in  Faraday's  case,  where  its  effect  was  to  develop  a  modest  self- 
trust,  such  an  event  could  not  fail  to  act  profitably. 

From  time  to  time  between  1818  and  1820  Faraday  published 
scientific  notes  and  notices  of  minor  weight.  At  this  time  he  was 
acquiring,  not  producing ;  working  hard  for  his  master  and  storing 
and  strengthening  his  own  mind.  He  assisted  Mr.  Brando  in  his 
lectures,  and  so  quietly,  skilfully,  and  modestly  was  his  work  done, 
that  Mr.  Brande's  vocation  at  the  time  was  pronounced  "  lecturing  on 
velvet."  In  1820  Faraday  published  a  chemical  paper  "  on  two  new 
compounds  of  chlorino  and  carbon,  and  on  a  new  compound  of  iodine, 
carbon,  and  hydrogen."  This  paper  was  read  before  the  Royal  Society 
on  the  21st  of  Deo.  1820,  and  it  was  the  first  of  his  that  was  honoured 
with  a  place  in  the  *  Philosophical  Transactions.' 

On  the  12th  of  June,  1821,  he  married,  and  obtained  leave  to  bring 
his  young  wife  into  his  rooms  at  the  Royal  Institution.  There  for  forty- 
six  years  they  lived  together,  occupying  the  suite  of  apartments  which 
had  been  previously  in  the  successive  occupancy  of  Young,  Davy,  and 
Brande.  At  the  time  of  her  marriage  Mrs.  Faraday  was  twenty-one 
years  of  age,  he  being  nearly  thirty.  Regarding  this  marriage  I  will 
at  present  limit  myself  to  quoting  an  entry  written  in  Faraday's  own 
hand  in  his  book  of  diplomas,  which  caught  my  eye  while  in  his 
company  some  years  ago.     It  ran  thus : — 

"2othJan  uary,  1847. 

M  Amongst  these  records  and  events,  I  here  insert  the  date  of  one  which,  as 
a  source  of  honour  and  happiness,  far  exceeds  all  the  rest.  We  were  married 
on  the  12th  of  June,  1821. 

"  M.  Faraday." 

Then  follows  the  copy  of  the  minutes,  dated  21st  May,  1821,  which 
gave  him  additional  rooms,  and  thus  enabled  him  to  bring  his  wife 
to  the  Royal  Institution.  A  feature  of  Faraday's  character  which  I 
have  often  noticed  makes  itself  apparent  in  this  entry.  In  his  relations 
to  his  wife  he  added  chivalry  to  affection. 


Early  Researches :  Magnetic  Rotations :  Liquefaction  of  Oases :  Ileavy 
Glass  :  Charles  Anderson  :  Contributions  to  Phyvics. 

Oersted,  in  1820,  discovered  the  action  of  a  voltaic  current  on 
a  magnetic  needle ;  and  immediately  afterwards  the  splendid  intellect 
of  Ampere  succeeded  in  showing  that  every  magnetic  phenomenon 
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then  known  might  he  reduced  to  the  mutual  notion  of  electric  cur- 
rente.  The  subject  occupied  all  men's  thoughts  ;  and  in  this  country 
Dr.  Wollaston  Bought  to  convert  the  deflection  of  the  needle  by  the 
current  into  a  permanent  rotation  of  the  needle  round  the  current. 
He  also  hoped  to  produce  the  reciprocal  effect  of  causing  a  current  to 
rotate  round  a  magnet.  In  the  early  part  of  1821  Wollaston  attempted 
to  realize  this  idea  in  the  presence  of  Sir  Humphry  Davy  in  the 
laboratory  of  the  Royal  Institution.  This  was  well  calculated  to 
attract  Faraday's  attention  to  the  subject.  He  read  much  about  it ;  and 
in  the  months  of  July,  August,  and  September  he  wrote  "a  history  of 
tho  progress  of  electro-magnetism,"  which  lie  published  in  Thomson's 
'  Annals  of  Philosophy.'  Soon  afterwarila  he  took  up  the  subject  of 
"Magnetic  Rotations,"  and  on  the  morning  of  Christmas  day,  1821, 
ho  called  his  wife  to  witness  for  the  first  time  the  revolution  of  a 
magnetic  needle  round  an  electric  current.  Incidental  to  the  •'  historic 
sketch"  ho  repeated  almost  all  tho  experiments  there  referred  to;  and 
these,  added  to  his  own  subsequent  work,  made  him  practical  master 
of  all  that  was  then  known  regarding  the  voltaic  current.  In  1821 
he  also  touched  upon  a  subject  which  subsequently  received  his  closer 
attention  —  the  vaporization  of  mercury  at  common  temperatures; 
and  immediately  afterwards  conducted,  in  company  with  Mr.  Stodart, 
experiments  on  tho  alloys  of  steel.  Ho  was  accustomed  in  after  years 
to  present  to  his  friends  razors  formed  from  one  of  the  alloys  then 
discovered. 

During  Faraday's  hours  of  liberty  from  other  duties  lie  took  up 
subjects  of  inquiry  for  himself;  and  in  the  spring  of  IS23,  thus  self- 
prompted,  lie  began  the  examination  of  a  substance  which  hod  long 
been  regarded  as  the  chemical  element  chlorine,  in  a  solid  form,  but 
which  Sir  Humphry  Davy,  in  1810,  bad  proved  to  be  a  hydrate  of 
chlorine,  that  is,  a  compound  of  chlorine  and  water.  Faraday  first 
analyzed  this  hydrate,  and  wrote  out  an  account  of  its  composition. 
This  account  was  looked  over  by  Davy,  who  suggested  the  heat- 
ing of  tho  hydrate  under  pressure  in  a  sealed  glass  tube.  This  was 
done.  The  hydrate  fused  at  a  blood-heat,  the  tube  became  filled  with 
a  yellow  atmosphere  and  was  found  to  contain  two  liquid  substances. 
Dr.  Paris  happened  to  enter  the  laboratory  while  Faraday  was  at  work. 
Seeing  tho  oily  liquid  in  his  tube  he  rallied  the  youug  chemist  for 
his  carelessness  in  employing  soiled  vessels.  On  filing  off  tho  end 
of  the  tube  its  contents  exploded  and  the  oily  matter  vanished. 
Early  next  morning  Dr.  Paris  received  the  following  note  : — 
"  Dear  Sib, 

"  The  oil  you  noticed  yesterday  Minis  nut  tfl  bo  liquid  chlorine, 
"  Yonra  faithfully, 

"M.  Faraday."* 
Tho  gas  had  been  liquefied  by  its  own  pressure.     Faraday  then  tried 
compression  with  a  syringe,  aud  succeeded  thus  in  liquefying  the  gns. 


'  Toris;  -Life  of  Davy,'  p.  391. 
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To  the  published  account  of  this  experiment  Davy  added  the  fol- 
lowing nolo: — "In  desiring  Mr.  Faraday  to  expose  tlio  hydrate  of 
D  ;»  eloped  glass  tube,  it  occurred  to  uio  that  one  of  three 
things  would  bap  pus  :  that  it  would  become  Quid  as  r  hydrate ;  that 
decomposition  of  water  would  occur ;  ...  or  that  tbo  chloriue 
would  separate  in  a  fluid  state."  Davy,  moreover,  immediately  applied 
the  method  of  Belf-comproesing  atmospheres  to  the  liquefaction  of 
muriatic  gas.  Faraday  continued  the  experiments  and  succeeded  in 
reducing  a  number  of  gases  till  then  deemed  permanent  to  the  liquid 
condition.  In  1841  he  returned  to  the  subject,  and  considerably 
expanded  its  limits.  Those  important  investigations  established,  the 
fact  that  gases  are  but  the  vapours  of  liquids  possessing  a  very  low 
boiling-point,  and  gave  a  sure  basis  to  our  views  of  molecular  aggre- 
gation. The  account  of  the  first  investigation  was  rend  before  tbo 
Royal  Society  on  the    10th  of  April,  1823.  and  was  published,  in 

Faraday's    name,    in    the    '  rhil"K.j|>hii\d    Transaction!;.'      The    second 

memoir  was  sent  to  the  Royal  Society  on  the  li'tb  of  December,  1844. 
1  may  add  that  while  he  was  conducting  bis  first  experiments  on  tbo 
liquefaction  of  gases,  thiit ..■en  pieces  of  glass  were  on  one  occasion  driven 
by  an  explosion  into  Faraday's  eye. 

Some  small  notices  and  papers,  including  the  observation  that 
glass  readily  changes  colour  iu  sun  Light,  follow  here.  In  1825  and 
1826  Faraday  published  papors  in  tbo  '  Philosophical  Transactions ' 
on  "now  compounds  of  carbon,  and  hydrogen,"  and  on  "sulpho- 
naphtfaalic  acid."  In  the  former  of  these  papers  be  announced  the 
discovery  of  Benzol,  which,  in  the  hands  of  modern  chemists,  has 
become  the  foundation  of  our  splendid  aniline  dyes.  But  he  swerved 
Mitly  from   chemistry  into   physics;    and  in   1826  we  find  him 

)d  in  investigating  the  limits  of  vaporisation,  and  showing,  by 

exceedingly  strong  and  apparently  conclusive  arguments,  that  even 
in  the  case  of  mercury  such  a  limit  exists  ;  much  more  bo  conceived 
it  to  bo  certain  that  our  atmosphere  does  not  contain  the  vapour  of 
the  fixed  constituents  of  the  earth's  crust.  This  question,  I  may  say, 
is  likely  to  remain  an  open  one.  Mr.  Itaukiuo,  tor  example,  has  lately 
drawn  attention  to  the  odour  of  certain  metals;  whence  comes  this 
odour,  if  it  bo  not  from  the  vapour  of  the  metal  ? 

In  1825  Faraday  became  a  member  of  a  committee,  to  which 
Sir  John  Hcracbel  and  Mr.  Dollond  also  belonged,  appointed  by  the 
Royal  Society  to  examine,  and  if  possible  improve,  the  manufacture 
of  glass  for  optical  purposes.  Their  experiments  continued  till  1820, 
when  the  account  of  them  constituted  the  subject  of  a  "Bakerian  Lec- 
ture." This  lectureship,  founded  in  1774  by  Henry  Baker,  Esq.,  of 
tbo  Strand,  London,  provides  that  every  year  a  lecture  shall  bo  given 
before  the  Hoyal  S'>eietv.  the  sum  of  four  pounds  being  paid  to  the 
lecturer.  The  Bakerian  Lecture,  however,  has  long  since  passed  from 
the  region  of  pay  to  that  of  honour,  papers  of  mark  oidy  bciug  chosen 
for  it  by  tbo  council  of  the  Society.  Faraday's  first  liakorian  Lecture, 
"On  the  Manufacture  of  Glass  for  Optical   Purposes,"  was  delivered 
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at  tho  cloao  of  1839.  It  is  a  most  elaborate  and  conscientious  de- 
scription of  processes,  precautions,  and  results  :  tho  details  were  so 
exact  and  so  minute,  and  tho  paper  oonaeqw  utly  so  long,  that  throe 
successive  sittings  of  tho  Royal  Society  were  taken  up  by  the  delivery 
of  tho  lecture.*  This  glass  did  not  turn  out  to  be  of  important  prac- 
tical use,  but  it  happened  afterwords  to  be  tho  foundation  of  two  of 
Faraday's  greatest  disco  vorios.'j- 

The  experiments  hero  referred  to,  were  commenced  at  tho  Falcon 
Gloss  Works,  on  the  premises  of  Messrs.  Green  and  Pellatt,  but 
Faradaycould  not  conveniently  attend  to  them  there.  In  1827  there- 
fore a  furnace  was  erected  in  the  yard  of  tho  Royal  Institution ;  and 
it  woe  at  this  time,  and  with  a  view  of  assisting  him  at  the  furnace, 
that  Faraday  engaged  Sergeant  Anderson,  of  the  Royal  Artillery,  the 
respectable,  truthful,  anil  altogether  trustworthy  man  whoso  appearance 
here  is  so  fresh  in  our  memories.  Anderson  continued  to  be  the  refe- 
rential helper  of  Faraday  and  tho  faithful  servant  of  this  Institution 
for  nearly  forty  years.} 

In  1831  Faraday  published  a  paper  "  On  a  peculiar  class  of  Optical 
Deceptions,"  to  which  I  believe  the  beautiful  optical  toy  called  the 
Chrornatropc  owes  its  origin.  In  the  same  year  bo  published  a  paper 
on  Vibrating  Surfaces,  in  which  bo  solved  on  acoustical  problem  which, 
though  of  extreme  simplicity  irli'-n  imltvil,  appears  to  have  baffled  many 
eminent  men.  The  problem  was  to  account  for  the  fact  that  light 
bodies,  BUch  as  the  seed  of  lycopodium,  collected  at  tho  vibrating  parte 
of  sounding  plates,  while  sand  ran  to  the  nodal  lines.  Faraday  showed 
that  the  light  bodies  were  entangled  in  the  little  whirlwinds  formed 
in  tho  air  over  the  places  of  vibratiou,  and  through  which  tho  heavier 
sand  was  readily  projectod.  Faraday's  resources  as  an  experimentalist 
wore  so  wonderful,  and  his  delight  in  experiment  was  so  great,  that  he 


*  7ts.  November  lf>,  December  !  and  10. 

t  I  moke  (bo  following  extract  from  n  tetter  from  Sir  John  Herschul,  wrilten 
to  mo  from  Coll  in  £  muni.  <>u  Ilk-  :!nl  of  November.  18117  : — 

"  I  will  lake  this  opportunity  to  mention  tbnt  I  batten  myself  to  have  originated 

the  fii^'iTilii'ii  of  I  lie  i-ii]|'l.'Yiunil  i.f  bniule  rif  lend  for  ■•j,l„n/  jmrpnaea.  It  mi 
somewhere  ill  the  yvnr  l$ii.  ie-  will  as  I  cnu  r.:culltet,  that  I  mentioned  it  to  Sir 
.lames  (then  Mr.i  South  ;  nnil.  in  consi  iHietieo,  the  I  rial  wiis  made  in  his  labora- 
tory in  Blaekniiin-Mtnit,  l,y  [»n.-fi|ftt .it-inj^  arid  wikin^  ll  law  ipinutity  of  borate 
of  lead,  anil  fusing  ii.  und.  r  ll  tnnlllo  in  n  )mtcehii[i  ivn|ioratiui;  dish.  A  \prj 
lirn|iiil  (though  nlLL.-lil.ly  yilloiv]  ^biss  resulted,  the  rrfniclive  indei  1-Sti(i !  whirli 
you  will  find  scl  down  in  my  table  of  lefmeliw  iieliees  in  my  erticle  '  Light,' 
1  i;neyi'lo|ia'iin  Metropolitan!!';-.  It  wns,  however,  too  soft  for  optical  use  us  an 
object  gliiss.  Thin  Faraday  overcame,  nt  le;i-l  to  u  coiixiuYniuiu  degree,  by  the 
intro.hu :tion  of  silica." 

X  Regarding  Aiulc-mm,  Faraday  write*  thus  in  1845: — "  I  cannot  resist  Ihc 
occasion  thut  in  llms  olli-nd  to  me  of  m.-nlLoniiiL,"  the  ninno  of  Mr,  Aiideiwti,  who 
oame  to  tue  as  nil  assistant  in  tin-  ^]::-~  cuporiiiH'Tits,  nml  hns  rr-nmiin  .1  ■  i 
the  laboratory  of  I  In:  Hoy:il  Institution.     Ih1  assisted  me  in  nil  the  n  -.    i 
which  I  lmve  i  ut.Tid  suev  Unit,  linn'  ;  "lid  I"  lii-  e;uv,  ph-nl in. ■.-■=,  oi„etLtiele.  ,i n<] 

faithfulness  in  tie-  iPoiTuni^Lti' full  (hut.  Iilim  Won it  led  lo  his  charge,  I  am 

much  indebted.— M.  b'." — Erji.  Ilaeorrhti,  vol.  iii.,  p.  3,  footnote. 
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8ometime8  almost  ran  into  excess  in  this  direction.  I  have  heard  him 
amy  that  this  paper  on  vibrating  surfaces  was  too  heavily  laden  with 
experiments. 


Discovery  of  Magneto-electricity:  Explanation  of  Arago's  Magnetism 
of  Botation :  Terrestrial  Magneto-electric  Induction :  Tlie  Extra 
Current. 

The  work  thus  far  referred  to,  though  sufficient  of  itself  to  secure 
no  mean  scientific  reputation,  forms  but  the  vestibule  of  Faraday's 
achievements.  He  had  been  engaged  within  these  walls  for  eighteen 
years.*  During  part  of  the  time  he  had  drunk  in  knowledge  from 
Davy,  and  during  the  remainder  he  continually  exercised  his  capacity 
for  independent  inquiry.  In  1831  we  have  him  at  the  climax  of  his 
intellectual  strength,  forty  years  of  ago,  stored  with  knowledge  and 
fall  of  original  power.  Through  reading,  lecturing,  and  experiment- 
ing; he  had  become  thoroughly  familiar'  with  electrical  science  :  ho 
smw  where  light  was  needed  and  expansion  possible.  The  phenomena 
of  ordinary  electric  induction  belonged,  as  it  were,  to  the  alphabet  of 
his  knowledge :  he  know  that  under  ordinary  circumstances  the  pre- 
sence of  an  electrified  body  was  sufficient  to  excite,  by  induction,  an 
nnelectrified  body.  He  knew  that  the  wire  which  carried  an  electric 
current  was  an  electrified  body,  and  still  that  all  attempts  had  failed 
to  make  it  excite  in  other  wires  a  state  similar  to  its  own. 

What  was  the  reason  of  this  failure  ?  Faraday  never  could  work 
from  the  experiments  of  others,  however  clearly  described.  Ho  know 
well  that  from  every  experiment  issued  a  kind  of  radiation,  luminous 
in  different  degrees  to  different  minds,  and  he  hardly  trusted  himself 
to  reason  upon  an  experiment  that  he  had  not  seen.  In  the  autumn 
of  1831  he  began  to  repeat  the  experiments  with  electric  currents, 
which,  up  to  that  time,  had  produced  no  positive  result.  And  here,  for 
the  sake  of  younger  inquirers,  if  not  for  the  sake  of  us  all,  it  is  worth 
while  to  dwell  for  a  moment  on  a  power  which  Faraday  possessed 
in  an  extraordinary  degree.  Ho  united  vast  strength  with  perfect 
flexibility.  His  momentum  was  that  of  a  river  which  combines  weight 
and  directness  with  tho  ability  to  yield  to  the  flexures  of  its  bed.  Tho 
intentness  of  his  vision  in  any  direction  did  not  apparently  diminish 
his  power  of  perception  in  other  directions ;  and  when  he  attacked  a 
subject,  expecting  results,  ho  had  the  faculty  of  keeping  his  mind  alert, 
so  that  results  different  from  those  which  he  expected  should  not 
escape  him  through  pro-occupation. 

Ho  began  his  experiments  "  on  the  induction  of  electric  currents" 
by  composing  a  helix  of  two  insulated  wires,  which  were  wound 
side  by  side  round  tho  same  wooden  cylinder     One  of  these  wires  ho 

*  He  used  to  say  that  it  re-quired  twenty  years  of  work  to  make  a  man  in 
Physical  Science ;  the  previous  period  being  one  of  infancy. 
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cuii net- tuil  ivi tli  11  voltaic  battery  of  tsu  cells,  and  tlio  other  with 
sensitive  galvanometer.  When  connection  with  the  battery 
and  while  the  current  flowed,  no  effect  whatever  was  observed  at  the 
galvanometer.  But  ho  never  accepted  on  experimental  result,  until 
he  had  applied  to  it  the  utmost  power  at  his  command.  He  raised 
his  haltery  from  10  cells  to  120  cells,  but  without  avail.  The  cur- 
rent flowed  calmly  through  the  battery  wire  without  producing,  during 
its  flow,  any  sensible  result  upon  tho  galvanometer. 

"  During  its  flow,"  and  this  was  tho  time  when  an  effect  was  ex- 
pected— but  here  Faraday's  power  of  lateral  vision,  separating,  as 
it  were,  from  tho  line  of  expectation,  camo  into  play — he  noticed  that 
a  feeble  movement  of  the  needle  always  occur  red  at  the  moment  when 
he  made  contact  with  the  battery ;  that  tho  needle  would  afterwards 
return  to  its  former  position  and  remain  cruiotly  there,  uniffeefced  by  the 
flowing  current.  At  the  moment,  however,  when  the  circuit  was  in- 
terrupted the  needle  again  moved,  and  in  a  direction  opposed  to  that 
observed  on  the  completion  of  the  circuit. 

This  result  and  others  of  a  similar  kind  led  him  to  the  con- 
clusion "  that  tho  battery  current  through  the  one  wire  did  in  reality 
induce  a  similar  current  through  the  other;  but  that  it  continued  for 
an  instant  only,  and  partook  moro  of  the  nature  of  tho  electric  wave 
from  a  common  Loyden  jar  than  of  the  current  from  a  voltaic  battery." 
The  momentary  currents  thus  generated  were  called  induced  currentt, 
while  the  current  winch  pin.TiiLil  them  Mils  culled  the  inducing  current. 
It  was  immediately  proved  that  tho  current  generated  at  making  the 
circuit  was  always  opposed  in  direction  to  its  generator,  while  that 
devclojiod  on  the  rupture  of  the  circuit  coincided  in  direction  with 
the  inducing  current.  It  appeared  as  if  the  current  on  its  first  rush 
through  the  primary  wire  sought  a  purchase  in  the  secondary  one, 
and,  by  a  kind  of  kick,  impelled  backward  through  the  hitter  an 
electric  nave,  which  subsided  ns  soon  as  tho  primary  current  was  fully 
established. 

Faraday  for  a  time  believed  that  the  secondary 
cent  when  the  primary  current  had  been  once  esti 
its  natural  condition,  its  return  to  that  condition  being  declared  by 
the  current  observed  at  breaking  tho  circuit.  He  called  this  hypo- 
thetical state  of  the  wire  tho  eWtro-ttmic  slate :  ho  afterwords  aban- 
doned this  hypothesis,  but  seemed  to  return  to  it  in  later  lifo.  Tho 
term  electro-tonic  is  also  preserved  by  Frofessor  Du  Bois  Ecymoud 
to  express  a  certain  electric  condition  of  the  nerves,  and  Professor 
Clerk  Maxwell  has  ably  defined  and  illustrated  the  hypothesis  in  the 
tenth  volurno  of  tho  'Transactions  of  the  Cambridge  i'hilusojihieal 
Society.' 

The  mere  approach  of  a  wire  forming  a  closed  curve  to  a  second 
wire  through  which  a  voltaic  current  flowed  was  then  shown  by 
Faraday  to  bo  sufficient  to  arouse  in  tho  uoutral  wire  an  induced 
current,  opposed  iu  direction  to  the  inducing  current ;  tho  withdrawal 
of  the  wire  also  generated  a  current  having  the  same  direction 
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inducing  current ;  thoso  currents  existed  only  during  tho  time  of 
approach  or  withdrawal,  and  whoa  neither  the  primary  nor  the  secon- 
dary wire  mi  in  motion,  no  matter  how  close  their  proximity  might 
be,  no  induced  current  was  generated, 

Faraday  has  been  called  a  purely  inductive  philosopher.  A  great 
deal  of  nonsense  is,  I  fear,  uttered  in  this  land  of  England  about 
induction  and  deduction.  Some  profess  to  befriend  the  one,  soma 
the  other,  while  the  real  vocation  of  an  investigator,  like  Faraday, 
consists  in  the  incessant  marriage  of  both.  He  was  at  this  time  full 
of  the  theory  of  Ampere,  and  it  cannot  lie  doubted  that  numbers  of 
his  experiments  were  executed  merely  to  test  bis  deductions  from  that 
theory.  Starting  from  the  discovery  of  Oersted,  the  celebrated  French 
philosopher  had  shown  that  all  the  phenomena  of  magnetism  tbon 
known  might  be  reduced  to  the  mutual  attractions  and  repulsions 
of  electric  currents.  Magnetism  bad  been  produced  from  electricity, 
and  Faraday,  who  all  his  life  long  entertained  a  strong  l>elicf  in  such 
reciprocal  actions,  now  attempted  to  effect  the  evolution  of  elec- 
tricity from  magnetism.  Hound  a  welded  iron  ring  he  placed  two 
distinct  coils  of  covered  wire,  causing  the  coils  to  occupy  opposite 
halves  of  the  ring.  Connecting  the  ends  of  one  of  the  coils  with 
a  galvanometer,  he  found  that  the  moment  the  ring  was  magnetized 
by  sending  a  current  through  Hie  other  coil,  the  galvanometer  needle 
whirled  round  four  or  five  times  in  succession,  the  action,  as  before, 
was  that  of  a  pulse  which  vanished  immediately,  On  interrupting 
the  circuit,  a  whirl  of  the  needle  in  the  opposite  direction  occurred. 

as  only  during  the  time  of  magnetization  or  demagnetization  that 

)  effects  were  produced.  The  induced  currents  declared  a  change 
dition  only,  and  they  vanished  the  moment  the  act  of  magne- 
n  or  demagnetization  was  complete 

e  effects  obtained  with  the  welded  ring  wore  also  obtained  with 
t  hare  of  iron.  Whether  the  bars  were  magnetized  by  the 
electric  current,  or  were  excited  by  tho  contact  of  permanent  steel 
magnets,  induced  currents  were  always  generated  during  the  rise  and 
during  the  subsidence  of  the  magnetism.  The  use  of  iron  was  then 
abandoned,  and  the  same  effects  obtained  by  merely  thrusting  a  per- 
manent steel  magnet  into  a  coil  of  wire.  A  rush  of  electricity  through 
the  coil  accom]ianied  the  insertion  of  the  magnet ;  an  equal  rush  in  tha 
opposite  direction  accompanied  its  withdrawal.  The  precision  with 
which  Faraday  describes  these  residts,  and  the  completeness  with  which 
be  defines  the  boundaries  of  his  facts,  are  wonderful.  The  maguet, 
for  example,  must  not  be  passed  quite  through  the  ceil,  but  only  half 
through,  for  if  passed  wholly  through,  tlie  necdlo  is  stopped  as  by  a 
hlow,  and  then  he  shows  how  thin  blow  results  from  a  reversal  of  the 
electric  wave  in  the  helix.  Ho  next  operated  with  the  powerful  perma- 
nent magnet  of  the  Royal  Society,  and  obtained  with  it,  in  an  exalted 
degree,  all  the  foregoing  phenomena. 

A tjil  now  In.'  turned  the  light  of  these  discoveries  upon  the  darkest 
physical  phenomenon   of  that  day.     Arago  had  discovered  in  1824, 
Vol.  V.     (No.  47.)  ■ 
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that  a  disk  of  non-magnetic  metal  had  the  power  of  bringing  a 
vibrating  magnetic  needle  suspended  over  it  rapidly  to  rest ;  and 
that  on  causing  the  disk  to  rotate  the  magnetic  needle  rotated  along 
with  it.  'When  both  woro  quiescent,  there  woh  not  the  slightest 
measurable  attraction  or  repulsion  exacted  between  the  needle  and 
the  disk;  still  when  in  motion  thodisk  was  competent  to  drag  after  it 
not  onlj  a  light  needlo  but  a  heavy  magnet.  The  question  hod  been 
probed  and  investigated  with  ;c Irn irablo  skill  by  both  Arago  and 
Ampere,  and  Poisson  had  published  a  theoretic  memoir  on  tbt  subject; 
but  no  cause  could  bo  assigned  for  so  extraordinary  an  action.  It  had 
also  boon  examined  in  tbia  country  by  two  celebrated  men,  Mr.  Bab- 
bogo  and  Sir  John  Hersehcl;  but  it  still  remained  a  mystery.  Faraday 
always  recommended  the  suspension  of  judgment  in  cases  of  donbt.  "  I 
have  always  admired,"  ho  says,  "  the  prudence  and  philosophical  reserve 
shown  by  M.  Arago  in  resisting  the  temptation  to  give  a  theory  of  the 
effect  ho  had  discovered,  so  long  as  ho  could  not  devise  ono  which  waa 
perfect  in  its  application,  and  in  refusing  to  assent  to  the  imperfect 
theories  of  others."  Now,  however,  the  time  for  theory  had  come, 
Faraday  saw  mentally  tho  rotating  disk  under  tho  operation  of  the 
magnet  flooded  with  his  induced  currents;  and  from  tho  known  laws 
of  interaction  between  currents  and  magnets  he  hoped  to  deduce  the 
motion  observed  by  Arago.  That  hope  he  realized,  showing  by  actual 
experiment  that  when  his  disk  rotated  currents  passed  through  it. 
their  position  and  direction  being  such  as  must,  in  accordance  with 
the  established  laws  of  electro-magnetic  action,  produce  the  observed 
rotation. 

Introducing  the  edgo  of  his  disk  between  the  poles  of  the  large 
horseshoe  magnet  of  the  Royal  Society,  and  connecting  the  axis  and 
the  edge  of  the  disk,  each  by  a  wire  with  a  galvanometer,  ho  ob- 
tained when  tho  disk  was  turned  round  a  eonslont  flow  of  electricity. 
Tho  diroction  of  the  current  was  determined  by  the  direction  of 
tho  motion,  the  current  being  reversed  whon  the  rotation  was  reversed. 
Ho  now  states  the  law  which  rules  tho  production  of  currents  in 
both  disks  and  wires,  and  in  so  doing  uses  for  the  first  time  a  phrase 
which  has  since  becomo  famous.  When  iron  filings  aro  scattered 
ovor  a  magnet,  the  particles  of  iron  arrange  themselves  in  certain 
determinate  linos  colled  magnetic  curves.  In  1831,  Faraday  for  tho 
first  time  colled  theso  curves  "  linos  of  magnetic  foreo ; "  and  ho 
showed  that  to  produce  induced  currents  neither  approach  to  nor 
withdrawal  from  a  magnetic  source,  or  centre,  or  polo,  was  essential, 
but  that  it  was  only  necessary  to  cut  appropriately  tho  lines  of 
magnetic  furco.  Faraday's  first  paper  on  inugitef-o-electric  induction, 
which  I  bavo  here  endeavoured  in  rondense,  was  read  before  tho  Koyal 
Society  on  tho  nth  of  November,  1831. 

On  tho  12th  of  January.  1832,  ho  communicated  to  the  Royal 
Society  a  second  paper  on  Terrestrial  Magneto  electric  Induction, 
which  was  chosen  as  the  [Jukci-iun  T.n.tiiro  for  the  year.  Ho  placed  a 
bar  of  iron  in  a  coil  of  wire,  and  lifting  the  bar  into  the  direction  of  tho 
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dipping  noodle,  he  excited  by  this  notion  a  current  in  the  coil.  On 
reversing  the  bar,  a  current  in  tho  opposite  direction  rushed  through 
the  wire.  Tho  some  effect  was  produced,  whan,  on  holding  the  helix 
'  i  the  lino  of  dip,  a  bar  of  iron  was  thrust  into  it.  Here,  however, 
rth  acted  on  the  coil  through  the  intermediation  of  tho  bar  of 
e  abandoned  the  bar  and  simply  set  a  copper-plate  spinning 
risontal  plane;  he  knew  that  the  earth's  lines  of  magnetic  forco 
■  crossed  the  plate  at  an  angle  of  about  70°.  When  the  plate  spun 
round,  the  lines  of  force  were  intersected  and  induced  currents  gene- 
rated, which  produced  their  proper  effect  when  carried  from  tho 
plate  to  the  galvanometer.  "  When  tho  plate  was  in  the  magnetic 
meridian,  or  in  any  other  plane  coinciding  with  the  magnetic  dip,  then 
its  rotation  produced  no  effect  upon  the  galvanometer." 

At  tbe  suggestion  of  a  mind  fruitful  in  suggestions  of  a  profound 
and  philosopliic  character — I  mean  that  of  Sir  John  Hersehel— Mr. 
Barlow,  of  Woolwich,  had  experimented  with  a  rotating  iron  shell. 
Mr.  Christie  had  also  performed  an  elaborate  series  of  experiments  on 
a  rotating  iron  disk.  Both  of  them  hod  foimd  that  when  in  rotation 
tho  body  exercised  ft  peculiar  action  upon  the  magnetic  needle,  deflecting 
it  in  «  manner  which  was  not  observed  during  quiescence  ;  but  neither 
of  them  was  aware  at  the  time  of  tho  agent  which  produced  this  extra- 
ordinary deflection.  They  ascribed  it  to  some  change  in  the  magnetism 
of  the  iron  shell  and  disk. 

Bnt  Faraday  at  once  saw  that  his  induced  currents  must  come  into 
play  here,  and  he  immediately  obtained  them  from  an  iron  disk.  With 
a  hollow  braes  ball,  moreovor,  he  produced  tho  effects  obtained  by 
Mr.  Barlow.  Iron  was  in  no  way  necessary :  the  only  condition  of 
eoccen  was  that  the  rotating  bi«ly  should  bo  of  a  character  to  admit 
of  tho  formation  of  currents  in  its  substance  :  it  must,  in  other  words, 
be  a  conductor  of  electricity.  Tho  higher  tho  conducting  power,  the 
ronrc  copious  were  tho  currents.  Ho  now  passes  from  his  little  brass 
globe  to  the  globo  of  the  earth,  lie  plays  like  a  magician  with  tho 
earth's  magnetism.  Ho  sees  tho  invisible  linos  along  which  its  mag- 
netic action  ia  exerted,  and  sweeping  his  wand  across  these  lines  ho 
evokes  tbis  now  power.  Placing  a  simple  loop  of  wire  round  a  mag- 
netic needle  ho  bends  its  upper  portion  to  the  west  :  tho  north  pole  of 
immediately  swerves  to  the  east  :  he  bends  his  loop  to  tho 
\  and  the  north  pole  movos  to  the  west.  Suspending  a  common 
oagnct  in  a  vertical  position,  he  causes  it  to  spin  round  its  own 
ng  connected  with  one  end  of  a  galvanometer  wire, 
'(  equator  with  tbe  other  end,  electricity  rushes  round  tho  galva- 
t  from  tho  rotating  magnet.  He  remarks  upon  tho  "lingular 
re"  of  tho  magnetism  and  tho  body  of  tho  magnet  which 
it.     Tbe  steel  behaves  as  if  it  wore  isolated  from   its  own 

::.  .  :i;     |':TD. 

And  then  bit  tin  nights  suddenly  widen,  and  ho  asks  himself  whether 
the  rotating  earth  does  not  generate  induced  currents  as  it  turns  round 
its  axis  from  west  to   cast.     In   his  experiment   with    the  twirling 
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magnet  tho  galvanometer  wire  remained  at  rest ;  one  portion  of  t 
circuit  was  iu  motion  rehilkdi/  to  another  portion.  But  hi  the  case 
of  the  twirling  planet  tho  gitlvauometor  wire  would  necessarily  be 
carried  along  with  the  earth ;  there  would  be  no  relative  motion. 
What  must  be  the  consequence?  Take  the  caso  of  a  telegraph  wire 
with  its  two  terminal  plates  dipped  into  the  earth,  and  suppose  the 
wire  to  lie  in  tho  magnetic  meridian.  The  ground  underneath  the  wire 
is  influenced  like  the  wire  itself  by  the  earth's  rotation ;  if  a  current 
from  south  to  north  be  generated  in  the  wire,  a  similar  current  from 
south  to  north  would  be  generated  in  the  earth  under  tho  wire ;  these 
cm-rents  would  run  against  the  same  terminal  plate,  and  thus  neu- 
tralize each  other. 

This  inference  appears  inevitable,  but  his  profound  vision  per- 
ceived its  possible  invalidity.  He  saw  that  it  was  at  least  possible  that 
the  difference  of  conducting  power  between  the  earth  and  the  wire 
might  give  one  an  advantage  over  the  other,  and  that  thus  a  residual 
or  differential  current  might  be  obtained.  He  combined  wires  of 
different  materials,  and  caused  them  to  act  in  opposition  to  each  other : 
but  found  the  combination  iu  effectual.  The  moro  copious  flow 
in  the  better  conductor  was  exactly  counterbalanced  by  the  resist- 
ance of  tho  worst.  Still  though  experiment  waB  thus  emphatic  he 
would  clear  his  mind  of  all  discomfort  by  operating  on  the"  earth 
itself.  He  went  to  the  round  lake  noar  Kensington  Palace,  and 
stretched  480  feet  of  copper  wire,  north  and  south,  over  the  lake, 
causing  plates  soldered  to  tho  wire  at  its  ends  to  dip  into  the  water. 
The  copper  wire  was  severod  at  the  middle,  and  the  severed  ends  con- 
nected with  a  galvanometer.  No  effect  whatever  was  observed.  But 
though  quiescent  water  gave  no  effect,  moving  water  might.  He  there- 
fore worked  at  London  Bridge  for  three  days  during  the  ebb  and  flow 
of  the  tide,  but  without  any  satisfactory  result.  Still  he  urges, 
"  Tboorotically  it  seems  a  necessary  consequence,  that  where  water 
is  flowing  there  electric  currents  should  lw  formed.  If  a  line  be 
imagined  passing  from  Dover  to  Calais  through  the  sea,  and  returning 
through  the  land,  beneath  the  water,  to  Dover,  it  trocos  out  a  circuit 
of  conducting  matter  ono  part  of  which,  when  the  water  moves  up  or 
down  tho  channel,  is  cutting  the  magnetic  curves  of  the  oarth,  whilst 
the  other  is  relatively  at  rest.  .  .  .  There  is  every  reason  to 
believe  that  currents  do  run  in  the  general  direction  of  tho  circuit  de- 
scribed, either  ono  way  or  tho  other,  according  as  tho  passage  of  the 
waters  is  up  or  down  tho  Channel."  This  was  written  before  the 
submarine  cable  was  thought  of,  and  bo  once  informed  me  that  actual 
observation  npon  that  cable  bod  been  found  to  be  in  accordance  with 
his  theoretic  deduction.* 

•  I  am  imli'lili'il  Iu  n  fries rl  fur  tin'  IMlnwiujr  e*:i|ui-it>  morsel :— "  A  short  time 
after  tho  pudli  i:i  liars  .  ■!'  1W  nlny'.-  first  rem .'arrises  in  mnirneto-elcr'tricity,  lie  attended 
the  meeting  of  I  In  Hrilixli  .\.-:ri:iiii>n  sit  Oxford,  in  IHISli. — Ou  thisnecasiou  ho  wu 
requested  by  aomeof  tliciuitlir.ritica  to  repent  llu;  <\< li.-lira ted  experiment  uf  eliciting 
a  spark  from  n  magnet,  employing  for  this  purpose  the  lurge  magnet  *~   ' 
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Three  years  subsequent  to  the  publication  of  these  researches,  that 
is  to  say  on  the  29th  of  Jannary,  1835,  Faraday  read  before  the  Royal 
Society  a  paper  "On  the  influence  by  induction  of  an  electric  current 
upon  itself."  A  shock  aud  spark  of  a  peculiar  character  had  been 
observed  by  a  young  man  named  William  Jonkin,  who  must  have 
been  a  youth  of  some  scientific  promise,  but  who,  as  Faraday  once  in- 
formed me,  was  dissuaded  by  his  own  father  from  having  anything  to 
do  with  science.  The  investigation  of  the  fact  noticed  by  Mr.  JerJrin 
led  Faraday  to  the  discovery  of  the  extra  current,  or  the  current 
induced  in  the  primary  aire  itself  at  the  moments  of  making  and  break- 
ing contact,  the  phenomena  of  which  he  described  and  illustrated  in 
tlie  beautiful  and  exhaustive  paper  referred  to. 

Seven  and  thirty  years  have  passed  since  the  discovery  of  magneto- 
electricity;  but,  if  we  except  tbo  extra  current,  until  quite  recently 
nothing  of  moment  was  added  to  the  subject.  Faraday  entertained 
the  opinion  that  the  discoverer  of  a  great  law  or  principle  bad  a 
right  to  tho  "  spoils" — this  was  bis  terra — arising  from  its  illustra- 
tion ;  and  guided  by  the  principle  he  had  discovered,  Ids  wonderful 
mind,  aided  by  his  wonderful  ten  fingers,  overran  in  a  single  autumn 
this  vast  domain,  and  hardly  left  behind  him  the  shred  of  a  fact  to 
be  gathered  by  his  successors. 

And  here  the  question  may  arise  in  some  minds,  What  is  the  use 
of  it  all?  The  answer  is,  that  if  man's  intellectual  nature  thirsts  for 
knowledge,  then  knowledgo  is  useful  because  it  satisfies  this  thirst. 
If  yon  demand  practical  ends,  yon  must,  I  think,  expand  your  defini- 
tion of  the  term  practical,  and  make  it  include  all  that  elevates  and 
enlightens  tho  intellect,  as  well  as  all  that  ministers  to  the  bodily 
health  and  comfort  of  men.  Still,  if  needed,  au  auswer  of  another 
kind  might  be  given  to  the  question,  "  What  is  its  use  ?"  As  far  as 
electricity  has  been  applied  for  medical  purposes  it  has  been  almost 
exclusively  Faraday's  olectricity.  You  have  noticed  those  lines  of 
wire  which  cross  the  streets  of  London.  It  is  Faraday's  currents  that 
speed  from  place  to  plain  through  tin-so  wires.  Approaching  the  point 
of  Dungeness  tho  mariner  sees  an  unusually  brilliant  light,  and  from 

Aabmolean  Muaenm.  To  this  he  consented,  nrol  ti  lnr:re  party  inomMfld  t«  witness 
the  experiments,  which,  1  need  nut  say,  were  perfectly  surce.-aful.  Whilst  he  wna 
repeating  then)  a  dignitary  of  the  university  entered  the  Muni,  nnd  mMreasiiig  Hiin- 
■dftoProtewrUanielhwhuwaaBtnniMii^rii'iirKihi^'liiv,  iiii(iiii-,il  whiitwasgoiiifron. 
TI*  rrofoHur  explained  to  him  as  popularly  na  possible  tlii^  jinking  result  of  Fara- 
d»y'«  gr«t  discovery.  The  Dean  listened  with  attention  anil  looked  earnestly  nt  the 
brilliant  ipurk,  hut  a  morucut  utter  lie  weumed  n  ntioui  count,  mmce  and  aliook 
hid  bad ;  "  I  am  sorry  for  it,'  mid  he  na  he  Walked  nwny ;  in  the  middle  of  the 
no  be  riohped  for  a  moment  and  repeated,  '  I  nni  sorry  fur  it ; '  then  Walking 
IomiiJs  the dufir,  win n  the  bundle  was  La j  liia  Imnd  hi:  liiinr- 1  nuinl  :md-flid.  •Imltti 
I  am  sorry  for  it ;  it  is  putting  new  anna  into  the  bandsol  the  incendiary.'    This 

j  a,  short  time  affcr  the  papers  bad  been  Bill d  with  the  doiuga  of  the  Uay- 

nmmeoiu  statement  of  what  fell   from  the  Dean's  mouth  wiu 
iC  in  one  of  the  Oxford  papers,     lie  is  there  wrongly  Htnted  to 
e  said,  ■  (1  is  putting  new  nnua  into  the  bauds  of  tho  infidel.'  " 
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the  noble  pharea  of  La  Hero  the  earne  light  flashes  across  the  8 
These  are  Faraday's  sparks  exalted  by  suitable  machinery  to  suulike 
splendour.  At  tho  present  moment  the  Board  of  Trade  and  tho 
Brethren  of  tho  Trinity  House,  as  well  as  tho  Commissioners  of 
Northern  Lights,  are  contemplating  the  introduction  of  the  niagneto- 
olectric  light  at  numerous  points  upon  our  coasts  ;  and  future  genera- 
tions will  be  able  to  refer  to  those  guiding  stars  in  answer  to  the 
question,  What  has  been  the  practical  use  of  tiie  labours  of  Faraday  ? 
But  I  would  again  emphatically  say  that  his  work  needs  no  such  justi- 
fication, and  that  if  be  had  allowed  his  vision  to  be  disturbed  by 
considerations  regarding  tho  practical  use  of  his  discoveries,  those 
diseoverios  would  nover  havo  been  mode  by  him.  "  I  have  rather," 
he  writes  in  1831,  "  been  desirous  of  discovering  now  facts  and  now 
relations  dependent  en  magneto-electric  induction,  thau  of  exalting 
the  force  of  thoso  already  obtained ;  being  assured  that  the  latter 
would  find  their  full  development  hereafter." 

In  1817,  when  lecturing  before  a  private  society  in  London  on 
the  element  chlorine,  Faraday  thus  expresses  himself  with  reference 
to  this  question  of  utility  : — "  Beforo  leaving  this  subject,  I  will  point 
out  the  history  of  this  substance,  as  an  answer  to  thoso  who  are  in  the 
habit  of  saying  to  every  now  fact,  '  What  is  its  use  ? '  Dr.  Franklin 
says  to  such,  '  What  is  the  use  of  an  infant  ? '  The  answer  of  the 
experimentalist  is,  '  Endeavour  to  make  it  useful.'  When  Schcele 
discovered  this  substance  it  appeared  to  liave  no  use ;  it  was  in  its 
infancy  and  useless  state,  but  having  grown  up  to  maturity,  witness 
its  powers,  and  see  what  endeavours  to  make  it  useful  have  done." 

Points  of  Character. 

A  point  highly  illustrative  of  tho  character  of  Faraday  now  comes 
into  view.  Ho  gavo  an  account  of  his  discovery  of  magneto- electricity 
in  a  letter  to  his  friend  M.  Hachette,  of  Paris,  who  coninitmicated  tho 
letter  to  the  Academy  of  Sciences.  Tho  letter  was  translated  and 
published;  and  immediately  afterwards  two  distinguished  Italian 
philosophers  took  up  the  subject,  made  numerous  experiments,  and 
published  their  results  before  (lie  complete  memoirs  of  Faraday  had 
met  tho  public  eye.  This  evidently  irritated  him.  He  reprinted 
tho  paper  of  the  learned  Italians  in  llio  '  Philosophical  Magazine,'  ac- 
companied by  sharp  critical  notes  from  himself.  Ho  also  wrote  a 
letter  dated  Doc.  1st,  1832,  to  Gay  Lussac,  who  was  then  one  of  the 
editors  of  the  '  Animks  do  Chimie,'  in  winch  he  analyzed  tho  rcsnlts  of 
tho  Italian  philosophers,  pointing  out  (heir  errors,  and  defending  himself 
from  what  he  regarded  as  imputations  on  his  character.  The  style  of 
this  letter  is  unexceptionable,  foe  Faraday  could  not  write  otherwise 
than  as  a  gentleman  ;  but  the  letter  shows  that  had  he  willed  it  he 
could  have  hit  hard.  Wo  have  heard  much  of  Faraday's  gentleness 
and  sweetness  and  teudenioss.  It  is  all  true,  but  it  is  very  incomplete. 
You  cannot  resolve  a  powerful  nature  into  these  elements,  and  Faraday's 
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character  would  have  been  leas  admirable  than  it  was  had  it  not  em- 
braced forces  and  tendencies  to  which  the  silky  adjectives  "  gentle  " 
and  "  tender  "  would  by  no  means  apply.  Underneath  his  sweetness 
and  gentleness  was  the  heat  of  a  volcano.  He  was  a  man  of  excitable 
and  fiery  nature ;  but  through  high  self-discipline  he  had  converted  the 
fire  into  a  central  glow  and  motive  power  of  life,  instead  of  permitting 
it  to  waste  itself  in  useless  passion.  "  He  that  is  slow  to  anger/1  saith 
the  Bage,  "  is  greater  than  the  mighty,  and  ho  that  ruleth  his  own  spirit 
than  he  that  taketh  a  city."  Faraday  was  not  slow  to  anger,  but  he 
completely  ruled  his  own  spirit,  and  thus,  though  he  took  no  cities,  he 
captivated  all  hearts. 

As  already  intimated,  Faraday  had  contributed  many  of  his  minor 
papers — including  his  first  analysis  of  caustic  lime — to  the  '  Quarterly 
Journal  of  Science.'  In  1832  he  collected  those  papers  and  others 
together  in  a  small  octavo  volume,  labelled  them,  and  prefaced  them 
thus: — 

"  PAPERS,  NOTES,  NOTICES,  &a,  &a, 

published  in  octavo, 

up  to  1832. 

M.  Faraday." 

*  Papers  of  mine,  published  in  octavo,  in  the  Quarterly  Journal  of  Science, 
and  elsewhere,  since  the  time  that  Sir  H.  Davy  encouraged  me  to  write  the 
analysis  of  caustic  lime. 

**  Some,  I  think,  (at  this  date)  are  good ;  others  moderate ;  and  some  bad. 
But  I  have  put  all  into  the  volume,  because  of  the  utility  they  have  been  of 
to  me, — and  none  more  than  the  bad, — in  pointing  out  to  mc  in  future,  or 
rather,  after  times,  the  faults  it  became  me  to  watch  and  to  avoid. 

**  As  "I  never  looked  over  one  of  my  papers  a  year  after  it  was  written, 
without  believing  both  in  philosophy  and  manner  it  could  have  been  much 
better  done,  I  still  hope  the  collection  may  be  of  great  use  to  me. 

"Aug.  18, 1832."  "M.  Faraday. 

"  None  more  than  the  bad  1 "  This  is  a  bit  of  Faraday's  inner- 
most nature ;  and  as  I  read  these  words,  I  am  almost  constrained  to 
retract  what  I  have  said  regarding  the  fire  and  excitability  of  his 
character.  But  is  ho  not  all  the  more  admirable,  through  his  ability 
to  tone  down  and  subdue  that  fire  and  that  excitability,  so  as  to  render 
himself  able  to  write  thus  as  a  little  child?  I  onco  took  the  liberty  of 
censuring  the  conclusion  of  a  letter  of  his  to  tlio  Dean  of  St.  Paul's. 
He  subscribed  himself  "  humbly  yours,"  and  I  objected  to  the  adverb. 
"  Well,  but,  Tyndall,"  ho  said,  "  I  am  humble ;  and  still  it  would  bo 
a  great  mistake  to  think  that  I  am  not  also  proud."  This  duality  ran 
through  his  character.  A  democrat  in  his  defiance  of  all  authority 
which  unfairly  limited  his  freedom  of  thought,  and  still  ready  to 
stoop  in  reverence  to  all  that  was  really  worthy  of  reverence,  in  the 
customs  of  the  world  or  the  characters  of  men. 

And  here,  as  well  as  elsewhere,  may  bo  introduced  a  letter  which 
bears  upon  this  question  of  self-control,  written  long  years  subsequent 
to  the  period  at  which  we  have  now  arrived.     I  had  been  at  Glasgow 
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tho  noblo  pharea  of  La  Hevo  tho  same  ligLt  flashes  across  tlie  sea. 
Tbeso  are  Faraday's  sparks  exalted  by  suitable  machinery  to  sunlike 
splendour.  At  tbc  present  moment  tho  Board  of  Trade  and  tho 
Brethren  of  the  Trinity  House,  as  well  as  tho  Commissioners  of 
Northoru  Lights,  are  contemplating  the  introduction  of  the  magneto- 
electrie  light  at  numerous  points  upon  our  coasts ;  and  future  genera- 
tions will  be  able  to  refer  to  those  guiding  stare  in  answer  to  tho 
question,  What  has  been  the  practical  use  of  the  labours  of  Faraday  ? 
But  I  would  again  emphatically  say  that  his  work  ueodfl  no  such  justi- 
fication, and  that  if  he  had  allowed  his  vision  to  bo  disturbed  by 
considerations  regarding  tho  practical  use  of  his  discoveries,  those 
discoveries  would  never  havo  been  made  by  hini.  "  I  have  rather," 
he  writes  in  1831,  "been  desirous  of  discovering  new  facts  and  new 
relations  dependent  on  magneto-electric  induction,  than  of  exalting 
the  force  of  those  already  obtained ;  being  assured  that  the  latter 
would  find  their  full  development  hereafter." 

In  1817,  when  lecturing  before  a  private  society  in  London  on 
tho  olemeut  chlorine,  Faraday  thus  cypresses  himself  with  reference 
to  this  question  of  utility  : — "  Before  leaving  this  subject,  I  will  point 
out  the  history  of  this  substance,  as  an  answer  t->  those  who  are  in  the 
habit  of  saying  to  overy  new  fact,  '  What  is  its  use '! '  Dr.  Franklin 
says  to  such,  '  What  is  the  use  of  an  infant  ? '  The  answer  of  the 
experimentalist  is,  '  Endeavour  to  mako  it  useful.'  When  Schools 
discovered  this  substance  it  appeared  to  have  no  use ;  it  was  in  its 
*  infancy  and  useless  state,  but  having  grown  up  to  maturity,  witness 

its  powers,  and  seo  what  endeavours  to  make  it  useful  have  done." 

Points  of  Character. 

A  point  highly  illustrative  of  the  character  of  Faraday  now  comes 
into  view.  He  gave  an  account  of  his  discovery  of  magneto-electricity 
in  a  letter  to  his  friend  M.  Hachette,  of  Paris,  who  communicated  tho 
letter  to  tho  Academy  of  Sciences.  Tho  letter  was  translated  and 
published ;  and  immediately  afterwards  two  distinguished  Italian 
philosophers  took  up  the  subject,  made  numerous  experiments,  and 
published  their  results  before  the  complete  memoirs  of  Faraday  had 
met  tho  publio  cyo.  This  evidently  irritated  him.  He  reprinted 
the  paper  of  the  learned  Italians  in  the  'Philowi'liind  Murine, '  ac- 
compamed  by  sharp  critical  notes  from  himself.  Ho  also  wrote  a 
letter  dated  Dec.  1st,  IH'3'2,  to  (Jsy  Lussae,  who  was  then  ono  of  tho 
editors  of  the  '  Ammhs  de  Chiinie,'  in  which  lie  analyzed  the  results  of 
tho  Italian  philiiwiplicrs,  pointing  nut  their  errors,  and  defending  himself 
from  what  he  regarded  as  imputations  on  his  character.  The  style  of 
this  letter  is  unexceptionable ,  for  Faraday  could  not  write  otherwise 
than  as  a  gentleman ;  but  tho  letter  shows  that  hod  ho  willed  it  he 
could  have  hit  hard.     We  have  heard  much  of  Faraday's  gentleness 

Land  sweetness  and  tenderness.    It  is  all  true,  but  it  is  very  incomplete. 
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character  would  have  been  less  admirable  than  it  was  had  it  not  em- 
braced forces  and  tendencies  to  which  the  silky  adjectives  "  gentle  " 
and  "  tender  "  would  by  no  means  apply.  Underneath  his  sweetness 
and  gentleness  was  the  heat  of  a  volcano.  He  was  a  man  of  excitable 
and  fiery  nature ;  bnt  through  high  self-discipline  ho  had  converted  the 
fire  into  a  central  glow  and  motive  power  of  life,  instead  of  permitting 
it  to  waste  itself  in  useless  passion.  "  He  that  is  slow  to  anger/'  saith 
the  sage,  "  is  greater  than  the  mighty,  and  ho  that  ruleth  his  own  spirit 
than  he  that  takctb  a  city."  Faraday  was  not  slow  to  anger,  but  he 
completely  ruled  his  own  spirit,  and  thus,  though  he  took  no  cities,  he 
captivated  all  hearts. 

As  already  intimated,  Faraday  had  contributed  many  of  his  minor 
papers — including  his  first  analysis  of  caustic  limo — to  the  '  Quarterly 
Journal  of  Science.'  In  1832  he  collected  those  papers  and  others 
together  in  a  small  octavo  volume,  labelled  them,  and  prefaced  them 
thus: — 

"PAPERS,  NOTES,  NOTICES,  &o.,  &c, 

published  in  octavo, 

up  to  1832. 

M.  Fabaday." 

*  Papers  of  mine,  published  in  octavo,  in  the  Quarterly  Journal  of  Science, 
and  elsewhere,  since  the  time  that  Sir  H.  Davy  encouraged  me  to  write  the 
analysis  of  caustic  lime. 

**  Some,  I  think,  (at  this  date)  are  good ;  others  moderate ;  and  some  bad. 
But  I  have  put  all  into  the  volume,  because  of  the  utility  they  have  been  of 
to  me, — and  none  more  than  the  bad, — in  pointing  out  to  me  in  future,  or 
rather,  after  times,  the  faults  it  became  me  to  watch  and  to  avoid. 

"  As  "I  never  looked  over  one  of  my  papers  a  year  alter  it  was  written, 
without  believing  both  in  philosophy  and  manner  it  could  have  been  much 
better  done,  1  still  hope  the  collection  may  be  of  great  use  to  me. 

uAvy.  18,  1832.*  "M.  Faraday. 

"  None  more  than  the  bad  1 "  This  is  a  bit  of  Faraday's  inner- 
most nature ;  and  as  I  read  these  words,  I  am  almost  constrained  to 
retract  what  I  have  said  regarding  the  fire  and  excitability  of  liis 
character.  But  is  ho  not  all  tho  moro  admirable,  through  his  ability 
to  tone  down  and  subdue  that  firo  and  that  excitability,  so  as  to  render 
himself  able  to  write  thus  as  a  little  child  ?  I  onco  took  the  liberty  of 
censuring  tho  conclusion  of  a  letter  of  his  to  the  Dean  of  St.  Paul's. 
He  subscribed  himself  "  humbly  yours,"  and  I  objected  to  the  adverb. 
"  Well,  but,  Tyndall,"  ho  said,  "  I  am  humble ;  and  still  it  would  bo 
a  great  mistake  to  think  that  1  am  not  also  proud."  This  duality  ran 
through  his  character.  A  democrat  in  his  defiaiico  of  all  authority 
which  unfairly  limited  his  freedom  of  thought,  and  still  ready  to 
stoop  in  reverence  to  all  that  was  really  worthy  of  reverence,  in  tho 
customs  of  tho  world  or  the  characters  of  men. 

And  here,  as  well  as  elsewhere,  may  be  introduced  a  letter  which 
bears  upon  this  question  of  self-control,  written  long  years  subsequent 
to  the  period  at  which  we  have  now  arrived.     I  had  been  at  Glasgow 
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the  noble  phares  of  La  Hove  tho  same  light  flashes  across  the  sea. 
These  ore  Faraday's  sparks  exalted  by  suitable  machinery  to  sunlike 
splendour.  At  the  proscut  moment  the  Board  of  Trado  and  the 
Brethren  of  tho  Trinity  House,  as  well  as  tlio  Commissi  on  ors  of 
Northern  Lights,  are  contemplating  tho  introduction  of  the  niagneto- 
olectric  light  at  numerous  points  upon  our  coasts ;  and  future  genera- 
tions will  bo  able  to  refer  to  thoso  guiding  stars  in  answer  to  tho 
question,  What  hits  beon  tho  practical  use  of  the  labours  of  Faraday? 
But  I  would  again  emphatic  ally  say  that  his  work  needs  no  such  justi- 
fication, and  that  if  he  had  allowed  bis  vision  to  be  disturbed  by 
consideration b  regarding  tho  practical  use  of  bis  discoveries,  those 
discoveries  would  never  have  beon  made  by  him.  "  I  have  rather," 
Jio  writes  in  1831,  "been  desirous  of  discovering  now  facts  and  new 
relations  dependent  on  m ague to-elee trie  induction,  than  of  exalting 
the  force  of  those  already  obtained ;  being  assured  that  tho  latter 
would  find  their  full  development  hereafter." 

Li  1817,  when  lecturing  before  a  private  society  in  London  on 
tho  element  chlorine,  Faraday  thus  expresses  himself  with  reference 
to  this  question  of  utility  : — "  Before  leaving  this  subject,  I  will  point 
out  tho  history  of  this  substance,  as  an  answer  to  thoso  who  are  in  tho 
habit  of  saying  to  every  now  fact,  '  What  in  its  use  ?  *  Dr.  Franklin 
says  to  such,  '  What  is  tho  use  of  an  infant  ? '  The  answer  of  the 
experimentalist  is,  '  Endeavour  to  make  it  useful.'  When  Scheele 
discovered  this  substance  it  appeared  to  have  no  use ;  it  was  in  its 
infancy  and  useless  stato,  but  having  grown  up  to  maturity,  ^ 
its  powers,  and  see  what  endeavours  to  make  it  useful  have  done." 

Points  of  Character. 

A  point  highly  illustrative  of  the  character  o 
into  viow.     lie  giivo  itu  account  of  bis  discovery  o: 

in  a  lottcr  to  bin  friend  M.  Hacbcttc,  of  Paris,  who  communicated  tho 
letter  to  tho  Academy  of  Sciences.  Tho  letter  was  translated  and 
published ;  and  immediately  afterwards  two  distinguished  Italian 
philosophers  titok  up  the  subject,  made  numerous  experiments,  and 
published  their  results  before  the  complete  memoirs  of  Faraday  had 
met  the  public  eyo.  This  evidently  irritated  hira.  He  reprinted 
tho  paper  of  tho  learned  Italians  in  the  '  Philosophical  Magazine,'  ac- 
companied by  sharp  critical  notes  from  himself.  He  also  wrote  a 
lottcr  dated  Hoc.  1st,  1832,  to  Gay  Lussao,  who  was  then  one  of  tbo 
editors  of  the  '  Aunales  do  Chimie,'  in  which  he  analyzed  the  results  of 
the  Italian  philosophers,  [minting  out  their  errors,aud  defending  himself 
from  what  he  rirgardud  as  impuLitimiti  on  bis  character.  The  style  of 
this  letter  is  unexceptionable,  for  Faraday  could  not  write  otherwise 
than  as  a  gentleman  j  but  the  letter  shows  that  had  ho  willed  it  he 
could  hove  hit  hard.  Wo  have  heard  much  of  Faraday's  gentleness 
and  sweetness  and  tenderness.  If  is  all  true,  but  it  is  very  incomplete 
You  cannot  resolve  a  ]«iwei'ful  nature  into  these  elements,  and  Faraday' 
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character  would  have  been  less  admirable  than  it  was  had  it  not  em- 
braced forces  and  tendencies  to  which  the  silky  adjectives  "  gentle  " 
and  "  tender  "  would  by  no  means  apply.  Underneath  his  sweetness 
and  gentleness  was  the  heat  of  a  volcano.  He  was  a  man  of  excitable 
and  fiery  nature ;  but  through  high  self-disciplino  ho  had  converted  the 
fire  into  a  central  glow  and  motive  power  of  life,  instead  of  permitting 
it  to  waste  itself  in  useless  passion.  "  He  that  is  slow  to  anger,"  saith 
the  sage,  "  is  greater  than  the  mighty,  and  ho  that  rulcth  his  own  spirit 
than  he  that  taketh  a  city."  Faraday  was  not  slow  to  anger,  but  he 
completely  ruled  his  own  spirit,  and  thus,  though  he  took  no  cities,  he 
captivated  all  hearts. 

As  already  intimated,  Faraday  had  contributed  many  of  his  minor 
papers — including  his  first  analysis  of  caustic  lime — to  tho  ' Quarterly 
Journal  of  Science.'  In  1832  he  collected  those  papers  and  others 
together  in  a  small  octavo  volume,  labelled  them,  and  prefaced  them 
thus: — 

"  PAPERS,  NOTES,  NOTICES,  &o.,  Ac, 

published  in  octavo, 

up  to  1832. 

M.  Faraday." 

"  Papers  of  mine,  published  in  octavo,  in  tho  Quarterly  Journal  of  Science, 
and  elsewhere,  since  the  time  that  Sir  H.  Davy  encouraged  me  to  write  the 
analysis  of  caustic  lime. 

**  Some,  I  think,  (at  this  date)  are  good ;  others  moderate ;  and  some  bad. 
But  I  have  put  all  into  the  volume,  because  of  the  utility  they  have  boon  of 
to  me, — and  none  more  than  the  bad, — in  pointing  out  to  me  in  future,  or 
rather,  after  times,  the  faults  it  became  me  to  watch  and  to  avoid. 

"  As  "I  never  looked  over  one  of  my  papers  a  year  after  it  was  written, 
without  believing  both  in  philosophy  and  manner  it  could  have  been  much 
better  done,  1  still  hope  the  collection  may  be  of  great  use  to  me. 

"Any.  18, 1832."  "M.  Faraday. 

"  Nono  more  than  tho  bad  ! "  This  is  a  bit  of  Faraday's  inner- 
most nature ;  and  as  I  read  these  words,  I  am  almost  constrained  to 
retract  what  I  have  said  regarding  tho  fire  aud  excitability  of  his 
character.  But  is  he  not  all  tho  more  admirable,  through  his  ability 
to  tone  down  and  subdue  that  fire  and  that  excitability,  so  as  to  rcudcr 
himself  able  to  write  thus  as  a  little  child?  I  once  took  tho  liberty  of 
censuring  the  conclusion  of  a  letter  of  his  to  the  Dean  of  St.  Paul's. 
He  subscribed  himself  "  humbly  yours,"  and  I  objected  to  the  adverb. 
"  Well,  but,  Tyndall,"  ho  said,  "  I  am  humble ;  and  still  it  would  bo 
a  great  mistake  to  think  that  1  am  not  also  proud. "  This  duality  ran 
through  his  character.  A  democrat  in  his  defianco  of  all  authority 
which  unfairly  limited  his  freedom  of  thought,  and  still  ready  to 
6toop  in  reverence  to  all  that  was  really  worthy  of  reverence,  in  tho 
customs  of  tho  world  or  tho  characters  of  men. 

And  here,  as  well  as  elsewhere,  may  be  introduced  a  letter  which 
bears  upon  this  question  of  self-control,  written  long  years  subsequent 
to  the  period  at  which  we  have  now  arrived.     I  had  been  at  Glasgow 


and 
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the  noble  phares  of  La  Hive  tho  same  light  flashos  across  the  sea. 
These  are  Faraday's  sparks  exalted  by  suitable  machinery  to  eunlike 
splendour.  At  the  present  moment  tho  Board  of  Trade  and  tho 
Brethren  of  the  Trinity  House,  as  well  as  the  Commissioners  of 
Northern  Lights,  are  contemplating  the  introduction  of  tho  magneto- 
electric  light  at  numerous  points  upon  our  coasts  ;  and  future  genera- 
tions will  be  able  to  refor  to  thoso  guiding  stars  in  answer  to  tho 
question,  What  has  been  the  practical  use  of  the  labours  of  Faraday  ? 
Out  I  would  again  emphatically  say  that  his  work  needs  no  such  justi- 
fication, and  that  if  ho  had  allowed  his  vision  to  bo  disturbed  by 
considerations  regarding  the  practical  nso  of  his  discoveries,  thoso 
discoveries  would  never  have  been  mode  by  him.  "  I  have  rather," 
ho  writes  in  1831,  "boon  desirous  of  discovering  now  facts  and  new 
relations  dependent  en  magneto-clue  trie  induction,  than  of  exalting 
the  force  of  thoso  already  obtained  ;  being  assured  that  the  latter 
would  find  their  full  development  hereafter." 

In  1817,  when  lecturing  before  a  private  society  in  London  on 
tho  element  chlorine,  Faraday  thus  expresses  himself  with  reference 
to  this  question  of  utility  : — "  Before  leaving  this  subject,  1  will  point 
out  tho  history  of  this  substance,  as  on  answer  to  those  who  are  in  the 
habit  of  saying  to  every  new  fact,  '  What  is  its  use  ? '  Dr.  Franklin 
says  to  such,  '  What  is  tho  use  of  an  infant  f '  Tho  answer  of  tho 
ei  peri  men  tnlist  is,  'Endeavour  to  make  it  useful.'  When  Schecle 
discovered  this  substance  it  appeared  to  have  no  use ;  it  was  in  its 
infancy  and  useless  state,  but  having  grown  up  to  maturity,  witness 
its  powers,  and  sec  what  endeavours  to  make  it  useful  have  done." 

Points  of  Character. 

A  point  highly  illustrative  of  the  character  of  Faraday  now  comes 
into  view,  tie  gave  an  account  of  his  discovery  of  magneto-electricity 
in  a  lotter  to  his  friend  M.  Haehctte,  of  Taris,  who  communicated  tho 
letter  to  tho  Academy  of  Sciences.  Tho  letter  was  translated  and 
published;  and  immediately  afterwards  two  distinguished  Italian 
philosophers  took  up  the  subject,  made  numerous  experiments,  and 
published  their  results  before  the  complete  memoirs  of  Faraday  had 
met  the  public  eyo.  This  evidently  irritated  him.  Ho  reprinted 
tho  paper  of  tho  learned  Italians  in  the  '  Philosophical  Magazine,'  ac- 
companied by  sharp  critical  notes  from  himself.  He  also  wrote  a 
lotter  dated  Dec.  1st,  1832,  to  Gay  Lussac,  who  was  then  one  of  the 
editors  of  tho  '  Annates  do  Chiinie,'  in  which  ho  analyzed  the  results  of 
the  Italian  philosophers,  pointing  out  their  errors,  and  defending  himself 
from  what  he  regarded  as  imputations  on  his  character.  Tho  stylo  of 
this  letter  is  uuexcept  ion  able,  for  Faraday  could  not  write  otherwise 
than  as  a  gentleman ;  but  the  letter  shows  that  had  he  willed  it  he 
could  have  hit  hard.  Wo  have  heard  much  of  Faraday's  gentleness 
and  sweetness  and  tenderness.  It  is  all  true,  but  it  is  very  incomplete. 
You  cannot  resolve  a  powerful  nature  into  these  elements,  and  Faraday's 
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character  would  have  been  less  admirable  than  it  was  had  it  not  em- 
braced forces  and  tendencies  to  which  the  silky  adjectives  "  gentlo  " 
and  "  tender  "  would  by  no  means  apply.  Underneath  his  sweetness 
and  gentleness  was  the  heat  of  a  volcano.  He  was  a  man  of  excitable 
and  fiery  nature ;  but  through  high  self-discipline  ho  had  converted  the 
fire  into  a  central  glow  and  motive  power  of  life,  instead  of  permitting 
it  to  waste  itself  in  useless  passion.  "  He  that  is  slow  to  anger,"  saith 
the  sage,  "  is  greater  than  the  mighty,  and  he  that  ruleth  his  own  spirit 
than  he  that  taketh  a  city."  Faraday  was  not  slow  to  anger,  but  he 
completely  ruled  his  own  spirit,  and  thus,  though  he  took  no  cities,  he 
captivated  all  hearts. 

As  already  intimated,  Faraday  had  contributed  many  of  his  minor 
papers — including  his  first  analysis  of  caustic  limo — to  the  *  Quarterly 
Journal  of  Science.'  In  1832  he  collected  those  papers  and  others 
together  in  a  small  octavo  volume,  labelled  them,  and  prefaced  them 
thus: — 

"  PAPERS,  NOTES,  NOTICES,  &o.,  &c, 

published  in  octavo, 

up  to  1832. 

M.  Faraday." 

*  Papers  of  mine,  published  in  octavo,  in  the  Quarterly  Journal  of  Science, 
and  elsewhere,  since  the  time  that  Sir  H.  Davy  encouraged  me  to  write  the 
analysis  of  caustic  lime. 

"  Some,  I  think,  (at  this  date)  are  good ;  others  moderate ;  and  some  had. 
But  I  have  put  all  into  the  volume,  because  of  the  utility  they  have  lx>en  of 
to  me, — and  none  more  than  the  bad, — in  pointing  out  to  me  in  future,  or 
rather,  after  times,  the  faults  it  became  me  to  watch  and  to  avoid. 

**  As  I  never  looked  over  one  of  my  papers  a  year  after  it  was  written, 
without  believing  both  in  philosophy  and  manner  it  could  have  been  much 
better  done,  1  still  hope  the  collection  may  be  of  great  use  to  me. 

"Aug.  18,  1832."  "M.  Faraday. 

"  Xono  more  than  tho  bad  ! "  This  is  a  bit  of  Faraday's  inner- 
most nature ;  and  as  I  read  these  words,  I  am  almost  constrained  to 
retract  what  I  have  said  regarding  tho  fire  and  excitability  of  his 
character.  But  is  ho  not  all  the  more  admirable,  through  his  ability 
to  tone  down  and  subdue  that  fire  and  that  excitability,  so  as  to  render 
himself  able  to  write  thus  as  a  little  child  ?  I  once  took  the  liberty  of 
censuring  tho  conclusion  of  a  letter  of  his  to  tho  Dean  of  St.  Paul's. 
He  subscribed  himself  "  humbly  yours,"  and  I  objected  to  tho  adverb. 
"  Well,  but,  Tyndall,"  he  said,  "  I  am  humble ;  and  still  it  would  bo 
a  great  mistake  to  think  that  1  am  not  also  proud."  This  duality  ran 
through  his  character.  A  democrat  in  his  deriauco  of  all  authority 
which  unfairly  limited  his  freedom  of  thought,  and  still  ready  to 
stoop  in  reverence  to  all  that  was  really  worthy  of  reverence,  in  tho 
customs  of  tho  world  or  the  characters  of  men. 

And  here,  as  well  as  elsewhere,  may  bo  introduced  a  letter  which 
bears  upon  this  question  of  self-control,  written  long  years  subsequent 
to  the  period  at  which  we  have  now  arrived.     I  had  been  at  Glasgow 
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the  noble  pharcs  of  La  Hevo  tho  eame  liglit  flaahoa  across  tlio  sea. 
Those  are  Faraday's  sparks  exalted  by  suitable  machinery  to  sunliko 
splendour.  At  the  prosent  moment  the  Board  of  Trade  and  tho 
Brethren  of  tho  Trinity  House,  as  well  as  the  Commissioners  of 
Northern  Lights,  arc  contemplating  the  introduction  of  the  magneto- 
electric  light  at  numerous  points  upon  our  coasts ;  and  future  genera- 
tions will  be  able  to  refer  to  those  guiding  stars  in  answer  to  tho 
question,  What  has  been  the  practical  use  of  the  labours  of  Faraday  ? 
But  I  would  again  emphatically  say  that  his  work  needs  no  such  justi- 
fication, and  that  if  he  had  allowed  his  vision  to  be  disturbed  by 
considerations  regarding  tho  practical  use  of  his  discoveries,  those 
discoveries  would  never  have  been  made  by  him.  "  I  have  rather," 
ho  writes  in  1831,  ''been  desirous  of  discovering  now  facts  and  now 
relations  dependent  on  ma  gut.' to -electric  induction,  than  of  exalting 
the  force  of  those  already  obtained ;  being  assured  that  tho  latter 
would  find  their  full  development  hereafter." 

In  1817,  when  lecturing  before  a  private  society  in  London  on 
tho  element  chlorine,  Faraday  thus  exprccoog  himself  with  reference 
to  this  question  of  utility  :— "  Before  leaving  this  subject,  I  will  point 
out  tho  history  of  this  substance,  as  on  answer  to  thoso  who  are  in  tho 
habit  of  saying  to  every  now  fact,  '  What  is  its  use  ? '  Dr.  Franklin 
says  to  such,  '  What  is  the  use  of  an  infant  ? '  The  answer  of  the 
experimentalist  is,  '  Endeavour  to  make  it  useful.'  When  Schcelo 
discovered  this  substance  it  appeared  to  liavc  no  nso ;  it  was  in  its 
infancy  and  useless  state,  but  having  grown  up  to  maturity,  witness 
its  powers,  and  see  what  endeavours  to  make  it  useful  have  dono." 

Points  of  Character. 

A  point  highly  illustrative  of  tho  character  of  Faraday  now  comes 
into  view.  Ho  gave  an  account  of  his  discovery  of  niagneto-eleetricity 
in  a  letter  to  his  friend  M.  Hathette, of  Paris,  who  communicated  tho 
letter  to  tho  Academy  of  Sciences.  Tho  letter  was  translated  and 
published;  and  iinniodiutely  afterwards  two  distinguished  Italian 
philosophers  took  up  the  subject,  mtide  numerous  experiments,  and 
published  their  results  ljefore  the  complete  memoirs  of  Faraday  had 
met  the  public  eye.  This  evidently  irritated  him.  He  reprinted 
the  paper  of  the  learned  I  Lilians  in  the  '  Philosophical  Magazine,'  ac- 
companied by  sharp  critical  notes  from  himself.  Ho  also  wrote  a 
letter  dated  Dec.  1st,  1832,  to  Gay  Lussac,  who  was  then  ouo  of  the 
editors  of  tho  '  Annalcs  de  Chimie,'  in  which  he  analyzed  the  rcsidts  of 
tho  Italian  philosophers,  pointing  out  their  errors,  and  defending  himself 
from  what  he  regarded  as  imputations  on  his  character.  The  style  of 
this  letter  is  lines cej it iouablo,  for  Faraday  could  not  write  otherwise 
than  as  a  gentleman ;  but  the  letter  shows  that  had  be  willed  it  he 
could  have  hit  hard.  Wo  have  heard  much  of  Faraday's  gentleness 
mill  sweetness  and  tenderness.  It  is  nil  true,  hut  it  is  very  incomplete. 
You  cannot  resolve  a  powerful  nature  into  these  elements,  and  Faraday's 
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u-aeter  would  have  been  less  admirable  than  it  was  had  it  not  em- 
braced forces  and  tendencies  to  which  tho  silky  adjectives  "  gontlo  " 
and  "  bmdlf  "  would  by  no  means  apply.  Underneath  his  sweetness 
and  gentleness  was  the  heat  of  a  volcano.  He  was  a  man  of  excitable 
and  fiery  nature  ;  bnt  through  high  self -discipline  he  had  convortcd  the 
fire  into  a  central  glow  and  motive  power  of  life,  instead  of  permitting 
it  to  waste  itself  in  useless  passion.  "  Ho  that  is  slow  to  anger,"  eaith 
the  sage,  "is  greater  than  the  mighty,  and  bo  that  rulcth  bis  own  spirit 
than  he  that  takcth  a  city."  Faraday  was  no'  slow  to  anger,  but  ho 
completely  ruled  bis  own  spirit,  and  thus,  though  he  took  no  cities,  ho 
captivated  all  hearts. 

Aa  already  intimated,  Faraday  had  contributed  many  of  his  minor 
papers — including  his  first  analysis  of  caustic  lime— to  the  '  Qaartcrly 
Journal  of  Science.'  In  1832  he  collected  those  papers  and  others 
together  in  a  small  octavo  volume,  labelled  them,  and  prefaced  them 
Urns:— 

"PAPERS,  NOTES,  NOTICES,  &c,  &c, 

published  in  octavo, 

np  to  1832. 

M.  Faraday." 

*  Paper*  of  mine,  published  in  octavo,  in  tlie  Quarterly  Journal  of  Science, 
and  elsewhere,  since  the  time  that  Sir  H.  Davy  encouraged  mo  to  write  the 
analysis  of  caustic  lime. 

"  Some,  I  think,  (at  this  date)  are  good ;  others  moderate ;  and  some  bad. 
But  I  have  put  all  into  tho  volume,  because  of  the  utility  they  have  been  of 
to  me, — and  none  more  than  the  bid, — iu  poiuting  out  to  mo  in  future,  or 
rather,  after  times,  the  faults  it  became  mo  to  watch  and  to  avoid. 

"As  1  never  looked  over  one  of  my  papers  a  year  after  it  was  written, 
without  believing  both  in  philosophy  and  manner  it  could  have  been  much 
belter  done,  I  still  hope  the  collection  may  bu  of  great  use  to  mo, 

» A-g,  18,  1832."  "M.  Faraday. 

"  None  more  than  the  bad  I "  This  is  a  bit  of  Faraday's  inner- 
most nature ;  and  as  I  rend  thewo  words,  I  am  almost  constrained  to 
retract  what  I  have  said  regarding  the  fire  and  excitability  of  his 
character.  Bat  is  ho  not  all  the  more  admirable,  through  his  ability 
to  tone  down  and  snbdno  that  tiro  and  that  excitability,  so  as  to  render 
himself  able  to  write  thus  as  a  little  child  ?  I  onco  took  the  liberty  of 
censuring  the  conclnsion  of  a  letter  of  his  to  tho  Dean  of  St.  Paul's. 
He  subscribed  himself  "humbly  ynurs."  and  I  objected  to  the  ad  verb. 
"■Will,  but,  Tyndall,"  he  said,  "I  am  humble;  and  still  it  would  bo 
a  great  mistake  to  think  that  I  am  not  also  proud."  This  duality  ran 
through  his  character.  A  democrat  in  his  defiance  of  all  authority 
which  unfairly  limited  his  freedom  of  thought,  and  still  ready  to 
stoop  in  reverence  to  all  that  was  really  worthy  of  reverence,  in  tho 
customs  of  the  world  or  the  characters  of  mon. 

Ami  bore,  as  well  as  elsewhere,  may  l>e  introduced  a  letter  which 
bears  npon  this  question  of  self-control,  written  long  years  subsequent 
to  tho  period  at  which  we  have  now  arrived.     I  had  boon  at  Glasgt 
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in  1855,  at  a  meeting  of  the  British  Association.     On  a  certain  day, 

I  communicated  a  paper  ti>  the  physical  section,  which  was  followed 
by  a  brisk  discussion.  Men  of  great  distinction  took  part  in  it,  the 
late  Dr.  Whewoll  among  the  number,  and  it  waxed  warm  on  both 
aides.  1  was  by  no  mease  content  with  this  discussion;  and  least 
of  all  with  my  own  part  in  it.  This  discontent  arlected  me  for  some 
days,  during  which  I  wrote  to  Faraday,  giving  him  no  details,  but 
expressing  in  a  general  way  my  dissatisfaction.  1  give  the  following 
extract  from  his  reply : — 

«  Sydenham,  6(4  Oct.,  1S55. 
*'  Mr  dear  Ttndall, 

"These  srent  meetings,  of  which  I  think  very  well  altogether,  advance 
science  chiefly  hy  bringing  scieuliliu  men  together,  and  making  them  to  know 
and  be  friends  with  each  other ;  ami  I  qui  sorry  when  that  is  not  the  effect 
in  every  part  of  their  couree.  I  know  nothing  except  from  what  you  tell  me, 
for  I  have  not  yet  looked  at  the  reports  of  the  proceedings ;  but  let  me,  as 
an  old  man,  who  ought  by  this  lime  to  have  profited  bj  experisnoB)  say 
that  when  I  was  younger,  I  found  I  often  misinterpreted  the  intentions  of 
people,  nod  found  they  did  not  mean  what  at  the  time  I  supposed  they  meant ; 
and,  further,  tiiat  as  a  general  rule,  it  was  better  to  be  a  little  dull  of  appre- 
hension, where  phrases  Burned  to  imply  piipie,  and  quick  iu  perception,  when 
on  the  contrary  they  seemed  to  imply  kindly  feeling.  Tlie  real  truth  never 
fails  ultimately  to  appear ;  and  opposing  putties  if  wrong  are  sooner  convinced 
when  replied  to  forbearingly,  than  wleu  overwhelmed.  All  I  menu  to  say  is, 
that  it  is  better  to  be  blind  to  the  results  of  partisanship,  ami  quick  to  see 
good  will.  One  has  mote  happiness  in  <■iiiH.lt".  in  einleavuiiring  to  follow  the 
things  that  make  for  peace.  You  can  hardly  imagine  how  often  I  have  been 
heated  in  private  when  op|«_wd,  as  1  have  thought  unjustly  and  aup'reilionsly, 
and  yet  I  have  strieen,  and  succeeded  I  ho[>e,  in  keeping  down  replies  of  the 
like  kind.  And  I  know  I  have  never  lust  by  it.  1  would  uot  say  all  this 
you  did  I  not  esteem  you  as  a  true  philosopher  and  friend." 

"  Yours,  very  truly, 

"  M.    E'aKADAY.' 


is  to 

I 
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Identity  of  Electricities  :  First  Researches  on  ffleetro-CJwmistrtf. 
I  have  already  once  used  the  word  "discomfort"  in  reference 
the  occasional  state  of  Faraday's  mind  when  experimenting, 
to  him  a  discomfort  to  reason  upon  data  which  admitted  of  doubt. 
Ho  hated  what  he  called  "doubtful  knowledge,"  and  ever  tended 
either  to  transfer  it  into  tho  region  of  undoubtful  knowledge,  or  of 
certain  and  definite  ignorance.  Pretence  of  all  kinds,  whether  in  life 
or  in  philosophy,  was  hateful  to  him.  Ho  wished  to  know  the  reality 
of  our  nescience  as  well  as  of  our  Boiouco.  "Be  one  thing  or  the 
other,"  he  seemed  to  say  to  an  unproved  hypothesis ;  "  come  out  as  a 

•  Faraday  would  have  boon  rejoiced  to  learn  that,  daring  its  last  meeting  at 
Dundee,  tlie  British  A.-six-iulion  ilUislrutcd  in  a  striking  Maimer  the  fiuK'timi 
which  he  hero  dcetil.e-  ns  ila  principal  one.  In  my  own  cnse.a  WlUeriy  welcome 
was  everywhere  nmiiifcaU*!.  In  Im-t,  the  di  Her.  nee*  of  really  honourable 
snuo  men  arc  never  beyiaid  healing. 
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solid  troth,  or  disappear  as  a  convicted  lie."  After  making  the  great 
discovery  which  I  have  attempted  to  describe,  a  doubt  seemed  to  beset 
liim  as  regards  the  identity  of  electricities.  "Is  it  right,"  he  seemed 
to  ask,  "  to  call  this  agency  which  I  have  discovered  electricity  at  all  ? 
Are  there  perfectly  conclusive  grounds  for  believing  that  the  elec- 
ta machine,  the  pile,  the  gynmotua  and  torpedo,  magneto- 
electricity  and  thermo-electricity,  are  meroly  different  manifestations 
of  one  and  tho  some  agent?"  To  answer  this  question  to  his  own 
Mtirf action,  ho  formally  reviewed  the  knowledge  of  that  day.  Ho 
added  to  it  new  experiments  of  his  own,  and  finally  decided  in  favour 
of  the  "Identity  of  Electricities."  Ilis  paper  upon  this  subject  was 
read  before  the  Royal  Society  on  tho  10th  and  17th  of  January,  1833, 
After  he  had  proved  to  his  own  satisfaction  the  identity  of  electri- 
cities, he  tried  to  compare  them  quantitatively  together.  The  terms 
quantity  and  intensity,  which  Faraday  constantly  used,  need  a  word  of 
explanation  here,  lie  might  charge  a  single  Leyden  jar  by  twenty 
turns  of  his  machine,  or  he  might  charge  a  battery  of  ten  jars  by  the 
same  number  of  turns.  The  quantity  in  both  eases  would  bo  sensibly 
e  same,  bnt  the  intensity  of  the  single  jar  would  be  the  greatest,  for 
bo  electricity  would  be  less  diffused.  Faraday  first  satisfied 
'  that  tho  needle  of  his  galvanometer  was  caused  to  swing 
same  arc  by  the  same  quantity  of  machine  electricity, 
ras  condensed  in  a  small  battery  or  diffused  over  a  large 
Thus  the  electricity  developed  by  thirty  turns  of  his  mochino 
produced,  under  very  variable  ooaditiona  of  battery  surface,  the  same 
deflection.  Hence  lie  inferred  the  possibility  of  ci>uip;aiug,  as  regards 
quantity,  electricities  which  differ  greatly  from  each  other  in  intensity. 
His  object  now  is  to  compare  frictional  with  voltaic  electricity. 
Moistening  bibulous  paper  with  the  iodide  of  potassium— a  favourite 
■  test  of  his — and  subjecting  it  to  tho  action  of  machine  electricity, 
be  decomposed  the  iodide,  and  formed  a  brown  spot  where  tho  iodino  , 
is  liberated.  Then  ho  immersed  two  wires,  one  of  ainc,  tho  other . 
of  platinum,  each  4tu  of  an  inch  in  diameter,  to  a  depth  of  Sths  of  an  I  J 
inch  in  acidulated  water  during  eight  bents  of  his  watch,  or  aMhs-of-n' 
nnritiilr.  nn  1  found  that  the  needle  of  his  galvanometer  swung  through 
the  same  arc,  and  coloured  his  moistened  paper  to  tho  same  extent, 
■s  thirty  turns  of  his  large  electrical  machine.  Twenty-eight  turns  of 
the  machine  produced  an  effect  distinctly  less  than  tbut  [produced  by 
bis  two  wires.  Now,  the  quantity  of  water  decomposed  by  the  wires 
in  this  experiment  totally  eluded  observation;  it  was  immeasurably 
small ;  and  still  that  amount  of  decomposition  involved  tho  develop- 
ment of  a  quantity  of  electric  force  which,  if  applied  in  a  proporfonn, 
would  kill  a  rat,  and  no  man  would  like  to  bear  it. 

In  tue  subsequent  researches  ''on  tho  absolute  quantity  of  elec- 
tricity associated  with  the  particles  or  atoms  of  matter,"  lie  endeavours 
to  give  an  idea  of  the  amount  of  eloctrieal  force  involved  in  tho 
Jecoin position  of  a  single  grain  of  water.  He  is  almost  afraid  to 
mention   it,   for   In    eati Plates   it  at   800)000   discharges   of  his  largo 
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Leyden  battery.  This,  if  concentrated  ia  a  single  discharge,  would 
be  equal  to  a  very  groat  flash  of  lightning ;  while  the  chemical  action 
of  a  single  grain  of  water  on  four  grains  of  zinc  would  yield  elec- 
tricity equal  in  quantity  to  a  powerful  thunderstorm.  Thus  his  mind 
rises  from  the  minute  to  the  vast,  expanding  involuntarily  from  the 
smallest  laboratory  fact  till  it  embraces  the  largest  and  grandest 
natural  phenomena." 

In  reality,  however,  he  is  at  this  time  only  clearing  bis  way,  and 
bo  continues  laboriously  to  clear  it  for  some  time  afterwards.  Ho 
is  digging  the  shaft,  guided  by  that  instinct  towards  the  mineral  lodo 
which  was  to  him  a  rod  of  divination.  "  Et  rtechl  die  Wahrheil,"  said, 
the  lamented  Kohlrausch,  an  eminent  German,  once  in  my  hearing  : — 
"He  smells  the  truth."  His  eyes  are  now  steadily  filed  on  this 
wonderful  voltaic  eurront,  and  be  must  learn  moro  of  its  mode  of 
transmission. 

On  the  23rd  of  May,  1833,  ho  read  a  paper  before  the  Itoyal  Society 
"On  a  now  Law  of  Electric  Conduction."  Ho  found  that  though  the 
current  passed  through  water,  it  did  not  pass  through  ico : — why  not, 
since  thoy  are  one  and  the  same  substance  ?  Some  years  subsequently 
he  answered  this  question  by  saying  that  the  liquid  condition  enables 
the  molecule  of  water  to  turn  round  so  as  to  place  itself  iu  the  piropor 
lino  of  polarization,  while  the  rigidity  of  the  solid  condition  prevents 
this  arrangement.  This  polar  arrangement  must  precede  decomposi- 
tion, and  decern  position  iH  an  accompaniment  of  conduction.  He  then 
passed  on  to  other  substances ;  to  oxides  and  chlorides,  and  iodides 
and  salts,  and  sulphurcts,  and  found  them  all  insulators  when  solid,  and 
conductors  when  fusod.  In  all  eases,  moreover,  except  one — and  this 
exception  ho  thought  might  he  apparent  only— he  found  the  passage 
of  the  current  across  the  fused  compound  to  be  accompanied  by  its  de- 
composition. Is  then  the  act  of  decemposition  essential  to  the  act  of 
conduction  in  these  bodies  ?  Even  recently  this  question  was  warmly 
contested.  Faraday  was  very  cautious  latterly  in  expressing  himself 
upon  this  subject ;  but  as  a  matter  of  fact  he  held  tbnt  an  infinitesimal 
quantity  of  electricity  might  pass  through  a  compound  liquid  without 
producing  its  decomposition.  Do  la  liivo,  who  has  been  a  great  worker 
on  the  chemical  phenomena  of  the  pile,  is  very  emphatic  on  the  other 
side.  Experiment,  according  to  him  and  others,  establishes  in  the 
most  conclusive  manner  that  no  trace  of  electricity  can  pass  through  a, 
liquid  compound  without  producing  its  equivalent  decomposition^ 

"  Buff  finds  the  quantity  of  cleclri'ily  sisHnrinti'd  with  one  lull  lignum  no  of 
hydrogen  in  water,  to  be  equal  to  45.480  char-res  of  n  L.y.l.ii  j.,r.  ivilli  a  Ij,  l.'lii 
of  4S0  raillimntrts.  and  a  diameter  of  liio  millimetres,  Wetwr  and  Kobhwneh 
Lave  cole  u!a  led  thai  if  tha  quantity  of  ebctricitj  associated  without  roillifrjnrouio 
of  hydrogen  in  water,  were  diiliwd  over  n  cl..ii.l  nl  n  li-  inl.t  i-flDO"  ihHivj  nl>mu 
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er,  were  diffused  o 
exert  upon  on  e 
earth's  surface  an  ntlrnctiro  force  ol 
balimimngea,  ISOti,  p.  262. 

f  '  Faraday,  sa  Vie  el  sea  Travani,'  p.  20. 
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Faraday  has  now  got  fnirl y  entangled  amid  the  chemical  phenomena 
of  the  pikv,  and  hero  hie  previous  training  under  Davy  must  have  been 
of  the  most  important  service  to  him.  Why,  he  sicks,  should  decompo- 
(BM  take  place?  what  force  is  it  that  wrenches  the  locked 
constituent  of  these  compounds  asunder?  On  the  20th  uf  June,  1833, 
he  read  a  paper  before  the  Koyal  Society  "  On  Electro-Chemical  De- 
composition," in  which  he  seeks  to  answer  these  questions.  The  notion 
bad  been  entertained  that  the  poles,  as  they  are  called,  of  the  decom- 
posing cell,  or  in  other  words  the  surfaces  by  which  the  current  enters 
and  quits  the.  liquid,  exercised  electric  attractions  upon  the  oonsti* 
tik  nt*  of  the  liquid  and  tore  them  asunder.  Faraday  combats  this  notion 
with  extreme  vigour.  Litmus  reveals,  as  yon  know,  the  action  of  an 
acid  by  turning  red,  turmeric  reveals  the  action  of  an  alkali  by  turning 
brown.  Sulpha!*  of  soda,  you  know,  is  a  salt  compounded  of  the  alkali 
nods  and  sulphuric  acid.  The  voltaic  current  passing  through  a  so- 
lution of  this  salt  bo  decomposes  it,  that  sulphuric  acid  appears  at  ono 
pole  of  the  decomposing  cell  and  alkali  at  the  other.  Faraday  steeped 
a  piece  of  litmus  paper  and  a  piece  of  turmeric  paper  in  a  solution  of 
sulphate  of  soda:  placing  eucli  of  them  upon  a  separata  plato  of  glass, 
he  connected  them  together  by  means  of  a  string  moistened  with  tho 
same  solution.  He  then  attached  one  of  them  to  the  positive  con- 
ductor of  on  electric  machine,  and  tho  other  to  tho  gas-pipes  of 
this  building.  These  he  called  bis  "  discharging  train."  On  turn- 
ing the  machine  the  electricity  passed  from  paper  to  papor  through 
tho  string,  which  might  he  varied  in  length  from  a  fow  inches  to 
seventy  feet  without  changing  the  result.  The  first  paper  was 
reddened,  declaring  tho  presence  of  sulphuric  acid;  the  second  was 
browned,  declaring  tho  presence  of  tho  alkali  soda.  The  dissolved 
salt,  therefore,  arranged  in  this  fashion,  was  decomposed  by  the  ma- 
chine exactly  as  it  would  havo  been  by  the  voltaic  current.  When 
inatead  of  using  the  positive  conductor  be  used  the  negative  ;  the  posi- 
I  he  acid  and  alksdi  wore  reversed.  Thus  ho  satisfied  himself 
that  chemical  ilecomposition  by  tho  machine  is  obedient  to  tho  lawB 
which  rule  decomposition  by  the  pile. 

And  now  ho  gradually  abolishes  thoso  so-called  poles  to  tho  attrac- 
tion of  which  ofaettic  decomposition  had  been  ascribed.  He  connected 
a  piece  of  turmeric  paper  moistened  with  the  sulphate  of  soda  with  the 
nuative  conductor  of  his  machine;  then  ho  placed  a  metallic  point  in 
MBNC -tiuii  with  his  discharging  train  opposite  the  moist  paper,  so  that 
the  electricity  shall  discharge  through  the  air  towards  the  point.  Tho 
turning  of  the  machine  caused  tho  corners  of  the  piece  of  turmeric 
paper  opposite  to  the  point  to  turn  brown,  thus  declaring  the  presence 
of  alkali.  Ho  changed  the  turmeric  for  litmus  paper,  and  placed  it. 
Dot  in  connection  with  his  conductor,  but  with  his  discharging  train, 
a  metallic  point  connected  with  the  conductor  being  fixed  ut  a  conplo 
of  inches  from  the  papor ;  on  turning  the  machine,  acid  was  liberated 
at  tho  edges  and  corners  of  the  litmus.  Ho  then  placed  a  series  of 
poistad  pieces  of  paper,  each  separata  piece  heiug  composed  of  two 
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halves,  ono  of  litmus'  and  the  other  of  turmeric  paper,  and  all  mois- 
tened with  sulphate  of  soda,  in  the  line  of  the  current  from  the 
machine.  The  pieces  of  paper  were  separated  from  each  other  by 
spaces  of  air.  The  machine  was  turned  ;  and  it  was  always  found  that 
at  tho  point  where  the  electricity  entered  the  paper,  litmus  was  red- 
dened, and  at  the  point  where  it  quitted  the  pajicr,  turmeric  was 
browned.  "Here,"  ho  urges,  "the  poles  are  entirely  abandoned,  but 
we  have  still  electro  -chemical  decomposition."  It  is  evident  to  him  that 
instead  of  being  attracted  by  the  poles,  tho  bodies  separated  are 
ejected  by  the  current.  The  effects  thus  obtained  with  polos  of  air 
he  also  succeeded  in  obtaining  with  ]ndoa  of  water.  Tho  advance  in 
Faraday's  own  ideas  made  at  this  time  is  indicated  by  tho  word 
"ejected."  Ho  afterwards  reiterates  this  view  :  the  evolved  sub- 
stances are  expelled  from  the  decomposing  body  and  "  not  drawn  out  hy 
an  attraction." 

Having  abolished  this  idea  of  polar  attraction,  he  proceeds  to  enun- 
ciate and  develop  a  theory  of  his  own.  He  refers  to  Davy's  celebrated 
Bakerian  Lecture  given  in  1806,  which  he  says  "  is  almost  entirely  oc- 
cupied in  the  consideration  of  electro-chemical  decompositions."  Tho 
foots  recordod  in  that  lecture  Faraday  regards  as  of  the  utmost  value. 
But  "  tho  mode  of  action  by  which  the  effects  toko  place  is  stated  very 
generally  ;  so  generally  indeed,  that  probably  a  dozen  precise  schemes 
of  electro- chemical  action  might  be  drawn]  up,  differing  essentially  from 
oach  other,  yet  all  agreeing  with  the  statement  there  given." 

It  appears  to  mo  that  those  words  mifrlii.  with  justice  be  applied 
to  Faraday's  own  researches  at  this  time.  They  furnish  us  with  results 
of  permanent  value ;  but  little  help  can  be  found  in  the  theory  advanced 
to  account  for  them.  It  would,  perhaps,  be  more  correct  to  say  that  the 
theory  itself  is  hardly  presentable  in  any  tangible  form  to  tho  intellect. 
Faraday  looks,  and  rightly  looks,  into  the  heart  of  the  decomposing 
body  itself:  he  sees,  and  rightly  sees,  active  within  it  the  forces  which 
produce  the  decomposition,  and  ho  rejects,  and  rightly  rejects,  tho 
notion  of  external  attraction  ;  but  lieyuiul  the  hypothesis  of  decomposi- 
tions and  recompositious,  enunciated  and  developed  byGrothuss  and 
Davy,  he  docs  not,  I  think,  help  ns  to  any  defiiute  conception  as  to 
how  the  force  reaches  the  decomposing  mass  imd  acts  wit  Inn  it.  Nor, 
indeed,  can  this  be  done,  until  we  know  the  true  physical  process 
which  underlies  what  wo  call  an  electric  current. 

Faraday  couceivos  of  that  current  as  "  an  axis  of  pouter  having  con- 
trary forces  exactly  equal  in  amount  in  oppimitc  directum*;"  but  this 
definition,  though  much  quoted  and  circulated,  teaches  us  nothing 
regarding  the  current.  An  "axis"  hero  can  only  mean  a  direction; 
and  what  we  want  to  bo  ablo  to  conceive  of  is,  not  the  axis  along  which 
tho  power  acts,  but  the  uoturc  and  mode  of  action  of  the  power  itself. 
Ho  objects  to  the  vagueness  of  Do  In  Rive ;  bnt  the  fact  is  that  both 
ho  and  Do  la  Hive  labour  under  the  same  difficulty.  Neither  wishes 
to  commit  himself  to  the  notion  of  a  current  compounded  of  two  elec- 
tricities flowing  in  two  opposite  directions;    but  tho  timo  bad  not 
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come,  nor  is  it  yet  come,  for  the  displacement  of  this  provisional 
fiction  by  the  true  mechanical  conception.  Still,  however  indistinct 
the  theoretic  notions  of  Faraday  at  this  time  may  be,  the  facts  which 
arc  rising  before  him  and  around  hi  in  are  leading  him  gradually,  bat 
rarely,  to  results  of  incalculable  importance  in  relation  to  the  philo- 
sophy of  the  voltaic  pile. 


He  had  always  some  great  object  of  research  in  view,  but  in  the 
pursuit  of  it  he  frequently  alighted  on  facte  of  collateral  interest,  to 
examine  which  he  sometimes  turned  aside  from  his  direct  course. 
Thus  we  find  the  series  of  his  researches  on  electro-chemical  decom- 
position interrupted  by  an  inquiry  into  "  the  power  of  metals  and  other 
solids,  to  induce  the  rwmMnatfnn  of  gaseous  bodies."  This  inquiry, 
which  was  received  by  the  Royal  Society  on  the  30th  of  November, 
1833,  though  not  so  important  as  those  which  precede  and  follow 
it,  illustrates  throughout  his  strength  as  an  experimenter.  The 
poller  of  spongy  platinum  to  cause  the  combination  of  oxygen  and 
hydrogen  had  been  discovered  by  Dobereiner  in  1823,  and  had  been 
applied  by  him  in  the  construction  of  hia  well-known  philosophio 
lamp.  It  was  shown  subsequently  by  Doling  and  Thunard  that  even 
a  platinum  wire,  when  perfectly  cleansed,  may  bo  raised  to  incan- 
descence by  its  action  on  a  jet  of  cold  hydrogen. 

In  his  experiments  on  the  decomposition  of  water,  Faraday  found  that 
the  positive  platinum  plate  of  the  decomposing  cell  possessed  in  an  ex- 
traordinary degree  the  power  of  causing  oxygen  and  hydrogen  to  com- 
bine. He  traced  the  cause  of  this  to  the  perfect  cleanness  of  the  positive 
plate.  Against  it  was  liberated  oxygen,  which  with  tho  powerful  affinity 
of  the  "  nascent  state,"  swept  away  all  impurity  from  the  surface  against 
which  it  was  liberated.  The  bubbles  of  gas  liberated  on  one  of  tho 
platinum  plates  or  wires  of  a  decomposing  cell  are  always  much 
smaller,  and  they  rise  in  much  more  rapid  succession  than  those  from 
Knowing  tliiit  oxygen  i*  sixtivu  times  heavier  than  hydrogen, 
I  have  more  than  once  concluded,  and,  I  fear,  led  others  into  the  error 
of  concluding,  that  the  smaller  and  more  quickly  rising  bubbles  must 
belong  to  the  lighter  gas.  The  thing  appeared  so  obvious  that  I 
did  not  give  myself  the  trouble  of  looking  at  tho  battery,  which 
would  at  once  have  told  me  the  nature  of  the  gas.  But  Faraday 
wonld  never  have  been  satisfied  with  a  deduction  if  he  could  have 
reduced  it  to  a  fact.  And  ho  has  taught  me  that  the  fact  here  is 
the  direct  reverse  of  what  I  supposed  it  to  bo.  The  small  bubbles 
are  oxygen,  and  their  suialluess  is  due  to  the  perfect  cleanness  of  the 
surface  on  which  they  are  liberated.  The  hydrogen  adhering  to  the 
other  electrode  swells  into  largo  bubbles,  which  rise  in  much  slower 
succession ;  but  when  tho  current  is  roversed  tho  hydrogen  is  libe- 
rated upon  the  cleansed  wire,  and  then  its  bubbles  also  become  small. 
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Lava  of  Electro-Chemical  Decomposition, 
In  our  conceptions  and  reasonings  regarding  the  forces  of  nature, 
wo  perpetually  make  use  of  symbols  which,  when  they  possess  a  high 
representative  value  we  dignify  with  the  name  of  theories.  Tim* 
prompted  by  certain  analogies  wo  ascribe  electrical  phenomena  to  the 
action  of  a  peculiar  fluid,  sometimes  flowing,  sometimes  at  rest.  Such 
conceptions  havo  their  advantages  and  their  disadvantages ;  they  afford 
peaceful  lodging  to  the  in tt.il ■■■_-t  i\>r  a  t i mo,  but  they  also  circumscribe 
it,  and  by  and  by,  when  the  mind  has  grown  too  large  for  its  lodging, 
it  often  finds  difficulty  in  breaking  down  tho  walls  of  what  has  become 
its  prison  instead  of  its  home.* 

No  man  ever  felt  this  tyranny  of  symbols  more  deeply  than 
Faraday,  and  no  man  was  over  more  assiduous  than  be  to  liberate 
himself  from  them  and  tho  terms  which  suggested  them.  Calling  Dr. 
Whewell  to  bis  aid  in  1833,  he  endeavoured  to  displace  by  others  all 
tonus  tainted  by  a  foregone  conclusion.  His  paper  on  Electro -chemical 
decomposition,  received  by  the  Koyal  Society  on  tho  9th  of  .Tannary, 
1831.  opens  with  the  proposal  of  a  new  terminology.  He  would  avoid 
tho  word  "  current "  if  ho  could. f  He  docs  abandon  the  word  "  poles  " 
as  applied  to  tho  ends  of  a  decomposing  cell,  becanso  it  suggests 
the  idea  of  attraction,  substituting  for  it  tho  perfectly  neutral  term 
electrodes.  Ho  applied  tho  term  eketroi$l6  to  every  substance  which 
can  be  decomposed  by  the  current,  and  tho  act  of  decomposition  he 
calls  electrolysis.  All  these  terms  have  become  current  in  science. 
Ho  called  the  positive  electrode  the  Anode,  and  the  negative  one  the 
Cathode,  but  tbeso  terms,  though  frequently  used,  havo  not  enjoyed 
tho  same  currency  as  the  others.  Tho  terms  Anion  and  Cation, 
which  he  applied  to  tho  constituents  of  tho  decomposed  electrolyte, 
and  tho  term  mm,  which  included  both  anions  and  cations,  are  still 
less  frequently  employed. 

Faraday  now  passes  from  terminology  to  research;  he  sees  the 
necessity  of  quantitative  determinations,  and  seeks  to  supply  him- 
self with  a  measure  of  voltaic  electricity.  This  he  finds  in  the 
quantity  of  water  decomposed  by  the  current.  He  tests  this  mea- 
sure in  all  possible  ways,  to  assure  himself  that  no  error  can  arise 
from  its  employment.  He  places  in  the  course  of  ono  and  the  same 
current  a  series  of  cells  with  electrodes  of  different  sizes,  some  of  them 
plates  of  platinum,  others  merely  platinum  wires,  and  collects  tho  gas 
liberated  on  each  distinct  pair  of  electrodes.     Ho  finds  the  quantity  of 
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*I  copy  these  words  from  the  printed  ulmlmet  of  a  Friday  evening  u  r-uitr, 
gjvou  by  myself,  become  they  remind  me  of  rV.ehy'.-  v. lire,  rr-jiiciiulitig  r.-i  tho 
utterance  by  an  eujplmno  katr!  tunr !~l'roca>liu<i*  r,f  II,,-.  liuijal  liittilutitm,  vol.  iL, 
p.  132. 

t  In  183R  tio  eipr. ■*>!■.«  lini-lf  lliu-  :-  '■  Tl:;  word  enrrent  is  bo  eipre»sive  in 
common  iHmjnti^e  tli.it  nlieti  :i)ijilkil  in  tlie  .'■.nsiili-niticn  ofeloetrkul  plieneiiicmi. 
wo  can  hardly divost  it  Biillicieiilly  <if  it-  inmiiiii<:,  or  prevenl  our  minds  I'roni  being 
prejudiced  by  iL"—  Exp.  Hetearchet,  vol.  i.,  p.  515.     (§  16170 
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gas  to  bo  tbe  same  for  all.  Tims  he  concludes  that  when  tho  same 
quantity  of  electricity  is  caused  to  pass  through  a  series  of  cells 
containing  acidulated  water,  the  electro- chemical  action  is  independent 
of  the  size  of  the  electrodes.  He  next  proves  that  variations  in  in- 
tensity do  not  interfere  with  this  equality  of  action.  Whether  his 
battery  is  charged  with  strong  acid  or  with  weak  ;  whether  it  consists 
of  five  pairs  or  of  fifty  pairs ;  in  short,  whatever  be  its  source,  when 
the  some  current  is  sent  through  his  scries  of  colls,  the  same  amount 
of  decomposition  takes  place  in  all.  He  next  assures  himself  that  the 
strength  or  weakness  of  his  dilute  acid  does  not  interfere  with  this  law. 
Sending  tbe  same  current  through  a  scries  of  cells  containing  mixtures 
of  sulphuric  acid  and  water  of  different  strengths,  he  finds,  however 
the  proportion  of  acid  to  water  might  vary,  the  same  amount  of  gas  to  bo 
collected  in  all  tbe  cells.  A  crowd  of  facts  of  this  character  forced  upon 
Faraday's  mind  the  conclusion  that  the  amount  of  electro-chemical 
decomposition  depends,  not  upon  the  size  of  the  electrodes,  not  upon 
the  intensity  of  the  current,  nut  upon  the  strength  of  the  solution,  but 
solely  upon  the  quantity  of  electricity  which  passes  through  the  coll. 
Tbe  quantity  of  electricity  lie  cuiicludcs  is  proportional  to  the  amount 
of  chemical  action.  On  this  law  Faraday  based  the  construction  of  his 
celebrated  voltameter,  or  measurer  of  voltaic  electricity. 

But  before  ho  can  apply  this  measure  he  must  clear  his  ground  of 
numerous  possible  sources  of  error.  The  decomposition  of  bis  acidu- 
lated water  is  certainly  a  direct  result  of  the  current ;  but  as  the 
varied  and  important  researches  of  MM.  Bcequcrcl,  De  la  Hive,  and 
others  had  shown,  there  are  also  secondary  actions,  which  may  materi- 
ally interfere  with  and  complicate  the  pure  action  of  the  current.  These 
actions  may  occur  in  two  ways :  either  the  liberated  ion  may  seize  upon 
the  electrode  against  which  it  is  set  free,  forming  a  chemical  compound 
with  that  electrode ;  or  it  may  seize  upon  tho  substance  of  tho  elec- 
trolyte itself  and  thus  introduce  into  the  circuit  chemical  actions 
over  and  above  those  due  to  the  current.  Faraday  subjected  these 
secondary  actions  to  an  exhaustive  examination.  Instructed  by  his 
experiments,  and  rendered  competent  by  them  to  distinguish  between 
primary  and  secondary  results,  bo  proceeds  to  establish  the  doctrine 
of  "definite  elect ru-eh.  mic.il  decomposition." 

Into  tho  same  circuit  ho  introduced  his  voltameter,  which  con- 
sisted of  a  graduated  tube  filled  with  acidulated  water  and  provided 
with  platinum  plates  for  the  decomposition  of  the  water,  and  also  a 
cell  containing  chloride  of  tin.  Experiments  already  referred  to  had 
Uu^'ht  him  that  this  substance,  though  an  insidator  when  solid,  is  n 
i  «hen  fused,  tho  passage  of  the  current  being  always  accom- 
panied by  the  decomposition  of  the  chloride.  He  wished  now  to  ascer- 
tain what  relation  this  decomposition  bore  to  that  of  the  water  in  his 
voltameter. 

Completing  bis  circuit,  he  permitted  the  current  to  continue  until 
"»  reasonable  quantity  of  gas"  was  collected  in  the  voltameter.  The 
circuit  was  then  broken,  and  the  quantity  of  tin  liberated  compared 
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with  tho  quantity  of  gas.  The  weight  of  the  former  was  3-2  grains, 
that  of  tho  latter  0''1'J742  of  it  grain.  Oxygon,  as  you  know,  unites 
with  hydrogen  in  tho  proportion  of  8  to  1  to  form  water.  Calling  the 
equivalent,  or,  as  it  is  suracthui -s  culled,  the  tLtomio  weight  of  hydro- 
gen 1,  that  of  oxygon  is  8;  that  of  water  is  consequently  8  +  1,  or  9. 
Now  if  the  quantity  of  water  decomposed  in  Faraday's  experiment  be 
represented  by  the  number  9,  or  in  other  words  by  the  equivalent  of 
water,  then  the  quantity  of  tin  liberated  from  the  fused  chloride  is 
found  by  an  easy  calculation  to  be  57-9,  which  is  almost  exactly  the 
chemical  equivalent  of  tin.  Thus  both  the  water  and  the  ehlorido 
were  broken  up  in  proportions  expressed  by  tlioir  respective  equi- 
valents. The  amount  of  electric  force  which  wrenched  asunder  the 
constituents  of  the  molecule  of  water  was  competent,  and  neither  more 
nor  less  than  competent,  to  wrench  asunder  tho  constituents  of  the 
molecules  of  the  chloride  of  tin.  The  fact  is  typical.  With  the 
indications  of  his  voltameter  he  compared  the  decomposition  of  other 
substances  both  singly  and  in  series.  He  submitted  his  conclusions 
to  numberless  tests.  He  purposely  introduced  secondary  actions.  He 
endeavoured  to  hamper  the  fulfilment  of  those  laws  which  it  was  the 
intense  desire  of  his  mind  to  see  established.  But  from  aU  these 
difficulties  omorgod  the  golden  truth,  that  under  every  variety  of  cir- 
cumstances the  decompositions  of  the  voltaic  current  are  as  definite  in 
their  character  as  those  chemical  combinations  which  gave  birth  to 
the  atomic  theory.  This  law  ^f  Llwtru-ehei  ideal  decomposition  ranks, 
in  point  of  importance,  with  that  of  definite  combining  proportions  in 
chemistry. 


Origin  of  Power  in  tie  Voltaic  Pile. 

In  one  of  tho  public  areas  of  the  town  of  Como  stands  a  statue, 
with  no  inscription  on  its  pedestal  save  that  of  a  single  name, "Volta." 
The  bearer  of  that  name  occupies  a  placo  for  ever  meniorablo  in  tho 
history  of  scionce.  To  him  wo  owe  tho  diweovery  of  the  voltaic  pile, 
to  which,  for  a  brief  interval,  we  must  now  turn  our  attention. 

Tho  objects  of  scientific  thought  being  the  passionless  laws  and  phe- 
nomena of  external  nature,  one  might  suppose  that  their  investigation 
and  discussion  would  bo  completely  withdrawn  from  the  region  of 
the  feelings,  and  pursued  by  the  eold  dry  light  of  the  intellect  alone. 
This,  however,  is  not  always  tho  case.  Man  carries  his  heart  with  him 
into  all  his  works.  You  cannot  separate  tho  moral  and  emotional  from 
the  intellectual;  and  thus  it  iw  tlmf  I  lie  discussion  of  a  point  of  science 
may  rise  to  the  heat  of  a  battlo-fiold.  Tho  fight  between  the  rival 
optical  thoorios  of  Emission  and  Undulation  was  of  this  fierce  cha- 
racter ;  and  scarcely  less  fierce  for  many  years  was  tho  contest  as  to 
tho  origin  and  maintenance  of  tho  power  of  the  voltaic  pile.  Volta 
himself  supposed  it  to  reside  in  tho  contact  of  different  metals.  Here 
was  exerted  his  "  electro -motive  force,"  which  tore  the  combined  eleo- 
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trieities  asunder  and  drove  them  as  currents  in  opposite  directions. 
To  render  the  circulation  of  the  current  possible,  it  was  necessary  to 
connect  the  metals  by  a  moist  conductor  ;  for  when  auy  two  metals 
were  connected  by  a  third,  their  relation  to  each  ether  was  such  thut 
i  complete  neutralization  of  the  electric  motion  waB  the  result. 
Volte's  theory  of  metallic  eontaet  was  so  clear,  so  beautiful,  and 
apparently  bo  complete,  that  the  best  intellects  of  Europe-  accepted  it 
as  the  expression  of  natural  law. 

Volte  himself  knew  nothing  of  the  chemical  phenomena  of  the  pile ; 
bat  as  soon  as  these  became  known,  suggestions  and  intimations 
appeared  that  chemical  action,  and  not  metallic  contact,  might  bo  the 
real  source  of  voltaic  electricity.  This  idea  was  expressed  by  Fabroni 
is  Italy  and  by  Wollaston  in  England.  It  was  developed  and  maiu- 
tiincd  by  those  "  admirable  electricians,"  Bccquerel,  of  Paris,  and  Do 
1»  Rive,  of  Geneva.  The  contact  theory,  on  the  other  hand,  received 
its  chief  development  and  illustration  in  Germany.  It  was  long  the 
scientific  creed  of  the  great  eheuiists  and  natural  philosophers  of  that 
country,  and  to  the  present  hour  there  may  l>e  some  of  them  unable  to 
liberate  themselves  from  the  fascination  of  their  tirst-love. 

After  the  researches  which  I  have  endeavoured  to  place  before  you, 
it  iris  impossible  for  Faraday  4o  avoid  taking  a  aide  in  tliis  controversy. 
He  did  so  in  a  paper  "  On  the  Electricity  of  the  Voltaic  Pile."  received 
by  the  Royal  Society,  on  the  7th  of  April,  1834.  His  position  in  the 
controversy  might  have  been  predicted,  lie  saw  chemical  effocts 
going  hand-in-hand  with  electrical  effects,  tho  one  being  proportional 
to  the  other ;  and,  in  tho  paper  now  before  us,  he  proved  that  when 
the  former  were  excluded,  tho  latter  were  sought  for  in  vain.  He  pro- 
duced ■  current  without  metallic  contact;  he  discovered  liquids  which, 
though  competent  to  transmit  the  feeblest  currants— competent  there- 
fore to  allow  the  electricity  of  contact  to  flow  through  them  if  it  were  able 
loforni  a  current — were  absolutely  powerless  when  cliciiiiciilly  inactive. 

One-  of  the  very  few  experimental  mistakes  of  Faraday  occurred  in 
this  investigation.  He  thought  that  with  a  single  voltaic  cell  he  bad 
obtained  the  sjairk  befwe  the  rarfiJi  bached,  but  he  subsequently  dis- 
covered his  error.  To  enable  the  voltaic  spark  to  pass  through  air 
before  the  terminals  of  the  battery  were  united,  it  was  necessary  to 
exalt  the  electro-motive  force  of  the  battery  by  multiplying  its  ele- 
ments; bnt  all  the  elements  Faraday  possessed  wore  unequal  to  the 
task  of  urging  the  spark  across  the  shortest  measurable  space  of  air. 
Nor,  indeed,  could  the  action  of  tho  battery,  the  different  metals  of 
which  were  in  contact  with  each  other,  decide  the  point  in  question. 
Still  as  regards  the  identity  of  electricities  from  various  sources,  it 
was  at  that  day  of  great  importance  to  determine  whether  or  not  the 
voltaic  current  could  jump  as  a  spark  across  an  interval  before  con- 
tact. Faraday's  friend,  Air.  Qaasiot,  solved  this  problem.  He  erected 
a  battery  of  4000  cells,  and  with  it  urged  a  stream  of  sparks  from 
terminal  to  terminal,  when  separated  from  each  other  by  a  measurable 
space  of  air. 
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Tho  memoir  on  the  "  Electricity  of  tho  Voltaic  Pile,"  published  in 
1834,  appears  to  hove  produced  but  littlo  impression  upon  tho  sup- 
porters of  the  contact  theory.  Those  indeed  were  men  of  too  great 
intellectual  weight  ami  insight  lightly  to  take  up,  or  lightly  to  abandon 
a  theory.  Faraday  therefore  resumed  tho  attack  in  a  paper  communi- 
cated to  the  Royal  Society,  on  tho  6th  of  February,  1810.  In  this 
paper  he  hampered  his  antagonists  by  a  crowd  of  adverse  experiments. 
Ho  hung  difficulty  ;il't. -r  difficulty  about  the  neck  of  tho  contact  theory, 
until  in  its  efforts  to  uncap;  from  hie  assaults  it  so  changed  its  character 
as  to  become  a  thing  totally  different  from  the  theory  proposed  by 
Volta.  Tho  more  persistently  it  was  defended,  however,  the  more 
clearly  did  it  show  itself  to  bo  a  congeries  of  deviees,  bearing  tho 
stamp  of  dialectic  skill  rather  than  that  of  natural  truth. 

In  con  el  us  ion,  Faraday  brought  to  hear  upon  it  an  argument  whieh, 
had  its  full  weight  and  purport  been  understood  at  tin:  time,  would  have 
instantly  decided  the  controversy.  "  The  contact  theory,"  he  urged, 
"  assumes  that  a  foreo  which  is  ablo  to  overcome  powerful  resistance, 
as  for  instance  that  of  tho  conductors,  good  or  bud,  through  which  tho 
current  passes,  and  that  again  of  the  electrolytic  notion  where  bodies 
are  decomposed  by  it,  can  arise  out  of  nothing :  that  without  any 
change  iu  the  acting  matter,  or  the  consumption  of  any  generating 
force,  a  current  shall  bo  produced  whieh  shall  go  on  for  ever  against 
a  constant  resistance,  or  only  bo  stoppod,  as  iu  the  voltaic  trough,  by 
tho  ruins  whieh  its  exertion  lias  heaped  up  in  its  own  course.  This 
would  indeed  ho  a  creation  of  pouter,  and  is  like  no  other  force  in 
nature.  We  have  many  processes  by  which  tho  form  of  tho  power 
may  he  so  ehauged,  that  an  apparent  rowmWuH  of  one  into  the  other 
takes  place.  So  we  con  change  ehemieal  force  into  tho  electric 
current,  or  the  current  into  chemical  force.'  The  Iwautiful  experiments 
of  Soobeck  and  Peltier  show  the  convertibility  of  heat  and  electricity ; 
and  others  by  Oorsted  and  myself  show  the  convertibility  of  electricity 
and  magnetism.  But  m  no  case,  not  even  in  those  if  (lie  Gi/mnotut  and 
Torpedo,  in  there  a  pure  oration  <-r  a  production  of  power  without  a  cor- 
rcupmiiUniJ  t:xhati*ti'<n  of  xmin-lltiitij  I"  supply  it." 

These  words  were  published  more  than  two  years  before  either 
Mayer  printed  his  brief  but  celebrated  essay  on  the  Forces  of  Inorganic 
Naturo,  or  Mr,  Joule  published  his  first  famous  experiments  on  the 
Mechanical  Value  of  Heat.  They  illustrate  the  fact  that  before  any 
great  scientific  principle  receives  distinct  enuueiaticn  by  individuals, 
it  dwells  more  or  less  clearly  in  the  general  scientific  mind.  The 
intellectual  plateau  is  already  high,  and  our  discoverers  arc  those  who, 
like  peaks  above  the  plateau,  rise  a  littlo  above  the  goueral  level  of 
thought  at  the  time. 

But  many  years  prior,  even  to  tho  foregoing  utterance  of  Faraday, 
a  similar  argument  had  been  employed.  I  quote  here  with  equal 
pleasure  and  admiration  the  following  passage  written  by  Dr.  Roget 
so  far  hack  as  1829.  Speaking  of  the  contact  theory,  ho  says: — "If 
there  could  exist  a  power  having  tho  property  ascribed  it  to  by  the 
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hypothesis,  namely,  that  of  giving  continual  impulse  to  a  fluid  i_ 
one  constant  direction,  without  being  exhausted  by  its  own  action, 
it  would  differ  essentially  from  all  the  known  powers  in  nature.  All 
the  powers  and  sources  of  motion  with  the  operation  of  which  wo  oro 
acquainted,  when  producing  these  peculiar  effects,  are  expended  in 
tie  Mine  proportion  at  those  effects  are  produced  ;  and  hence  arises  the 
imipmiUKttf  of  obtaining  by  their  agency  a  perpetual  effect ;  or  in  other 
ttordt  a  perpetual  motion.  But  the  ek-ctro-inotivo  force,  ascribed  by 
Volt*  to  the  metals,  when  in  contact,  is  a  force  which,  M  long  as  a  free 
coarse  {sallowed  to  the  t  L  il'-icily  it  sots  in  motion,  is  never  expended, 
and  continues  to  be  excited  with  undiminished  power  in  the  production 
of  a  never-ceasing  effect.  Against  the  truth  of  sueli  a  supjxisitiou  tho 
probabilities  are  all  but  infinite."  When  tin's  argument,  wliich  he  em- 
ployed independently,  had  clearly  fixed  itself  iu  his  mind,  Faraday  never 
cared  tn  experiment  further  on  the  source  of  electricity  in  tho  voltaic 
pile.  The  argument  appeared  to  him  "  to  remove  the  foundation  itself 
of  the  contact  theory,"  and  ho  afterwards  let  it  crumble  down  in  pence.' 


Researches  on  Fricti»it<ii  Hit Ji'ititf :  Indnetttmi  (hndue&m:  Specific 
Inductive  Capacity:  Theory  of  Conligntius  Particles. 
The  burst  of  power  which  had  filled  the  four  preceding  years  with  an 
amount  of  experimental  work  unparalleled  in  the  history  of  science 
partially  subsided  in  lStio,  and  [lie  only  si-ieiitili"-  paper  CMidrilnitod 
by  Faraday  in  that  year  was  a  comparatively  unimportant  one, "  On 
an  improved  Form  of  the  Voltaic  Buttery."  Ho  brooded  for  n  time : 
his  experiments  on  electrolysis  had  long  filled  his  mind  ;  ho  looked, 
as, already  stated,  into  the  very  heart  of  the  electrolyte,  endeavour- 
ing to  render  tho  play  of  its  atoms  visible  to  his  mental  oye.  He 
had  no  doubt  that  in  this  case  what  is  culled  "  the  electric  current " 
was  propagated  from  particle  to  particle  of  the  electrolyte  ;  he  accepted 
the  duclrine  of  decomposition  and  recom  position  which,  according  to 
Grothnss  and  Davy,  ran  from  electrode  to  electrode.  And  tho  thought 
impressed  him  more  and  more  that  ordinary  electric  induction  was  also 
tnitted  and  sustained  by  the  action  of  "  amtiouous  particles." 

■  To  acetmnt  for  Ibo  eledric  current,  which  was  really  the  core  of  iIlo  whole 
i,  Faraday  demonstrated   tin-   impotence  or  tin:  contact    theory  hb  then 
d  and  defended.      Still,  il  is  certain    that  two  diltVniit    motnls,    nhen 
it  into  contact,  charge  themselves,  the  mo  with  positive  and  tho  other  with 
Mganvr  electricity.    I  hint  the  picture  of  going  over  this  ground  with  Kohl- 
n<iar)i  in  lM'J,  and  Lis  experiments  1<  ft  no  doubt  iijmii  my  mint)  tti.it    In  ciiitnci 

•UcU-ieity  of  Volta  was  n  reality ,  though  il  ■  ■■  ■  u i ■  I  |.r -=i  I m>  current.     With  one 

Of  the  bmntifol  untronieiita  deviwd  hy  hiinilf.  Sir  Williiun  Thomson  has  ren- 
dered Ulii  point  capable  of  rare  and  easy  demonstration  ;  and  In-  nml  <>t Jn  t.-.  imw 
bold  what  may  bo  ealled  «  contact  theory,  wliich.  while  it  Uikes  into  account 
the  action  of  tho  motels,  also  MnbiaOM  the  chemical  phenomena  of  tho  circuit. 
Heluiholtz,  I  belicvB.  wan  Hie  first  lo  give  the  contact  thrjory  thia  new  form,  iu  his 
frlehrated  essay.  Uchrr  die  ErhaUuua  tier  Krajt,  p.  45. 
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Hia  first  great  paper  on  frictional  electricity  wbb  sont  to  the  Royal 
Society  on  the  80m  of  Novt-mber,  1837.  Wo  here  find  him  face  to 
face  with  an  idea  which  beset  his  mind  throughout  his  whole  subse- 
quent life,— the  idea  of  action  at  a  distance.  It  perplexed  and  bewil- 
dered him.  In  his  attempts  to  get  rid  of  this  perplexity  ho  was  often 
unconsciously  rebelling  against  the  limitations  of  the  intellect  itself. 
He  loved  to  quote  Newton  upon  this  point :  over  and  over  again  he 
introduces  his  memorable  words,  "  That  gravity  should  be  innate, 
inherent,  and  essential  to  matter,  so  that  one  body  may  act  upon 
another  at  a  distanco  through  a  vacuum  and  without  the  mediation  of 
anything  olse,  by  and  through  which  this  action  and  force  may  bo 
conveyed  from  one  to  another,  is  to  mo  so  great  an  absurdity,  that  I 
believe  no  man  who  has  in  philosophical  matters  a  competent  faculty 
of  thinking  can  evor  fall  into  it.  Gravity  must  be  caused  by  an  agent 
acting  constantly  according  to  certain  laws ;  but  whether  this  agent 
he  material  or  imniatorial  I  have  loft  to  the  consideration  of  my 
readers."* 

Faraday  does  not  see  the  same  difficulty  in  hie  contiguous  particles. 
And  yet  by  transferring  the  conception  from  musses  to  particles  we 
simply  lesson  sizo  and  distance,  but  we  do  not  alter  the  quality  of  the  con- 
ception. Whatevor  difficulty  tho  mind  experiences  in  conceiving  of 
action  at  sensible  distances,  besets  it  also  when  it  attempts  to  conceive 
of  action  at  insensible  distances.  Still  the  investigation  of  the  point 
whether  electric  and  magnetic  effects  were  wrought  out  through  the 
intervention  of  contiguous  particles  or  not,  had  a  physical  interest 
altogether  apart  from  the  metaphysical  difficulty.  Faraday  grapples 
with  tho  subject  experimentally.  By  simple  intuition  he  sees  that 
action  at  a  distance  must  be  exerted  in  straight  lines.  Gravity,  he 
knows,  will  not  turn  a  corner,  but  exerts  its  pull  along  a  right  line ; 
honce  his  aim  and  effort  to  ascertain  whether  electric  action  ever  takes 
place  in  curved  lines.  This  once  proved,  it  would  follow  that  the 
action  is  carried  on  by  means  of  a  medium  surrounding  the  electrified 
bodies.  His  experiments  in  1887.  reduced,  hi  his  opinion,  this  point 
to  demonstration.  Ho  then  found  that  he  could  electrify  by  induction 
an  insulated  sphere  placed  ctuupletcly  in  the  shadow  of  a  body  which 
screened  it  from  direct  action.  He  pictured  the  lines  of  electric  force 
bending  round  the  edges  of  the  screen,  ami  reuniting  on  the  other  side 
of  it ;  and  be  proved  that  in  many  cases  the  augmentation  of  the  dis- 
tance between  his  insulated  sphere  and  the  inducing  body,  instead  of 
lessening,  increased  the  charge  of  the  sphere.  This  he  ascribed  to  the 
coalescence  of  tho  lines  of  electric  force  at  some  distance  behind  the 
screen. 

Faraday's  theoretic  views  on  this  subject  have  not  received 
general  acceptance,  but  thoy  drove  him  to  experiment,  and  experiment 
with  him  was  always  prolific  of  results.  By  suitable  arrangements 
he  places  a  metallic  sphere  iu  the  middle  of  a  large  hollow  sphere, 

*  Newlon'a  Lliird  [r-tler  hi  Huntley. 
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leaving  a  spate  of  something  more  than  half-an-inch  between  them. 
The  interior  sphere  was  insulated,  tho  external  one  uninsulated.  To 
the  former  he  communicated  a  definite  charge  of  electricity.  It  acted 
by  induction  upon  the  concave  surface  of  the  latter,  and  he  examined 
how  tub  act  of  induction  was  faceted  by  placing  insulators  of  various 
kinds  between  the  two  spheres.  He  tried  gases,  liquids,  and  solids,  but ' 
the  solids  alone  gave  him  positive  results.  He  constructed  two  instru- 
ments of  the  foregoing  description,  equal  in  size  and  similar  in  form. 
The  interior  sphere  of  each  communicated  with  tho  external  air  by  a 
brass  stem  ending  in  a  knob.  The  apparatus  was  virtually  a  Leydon 
jar,  the  two  coatings  of  which  were  the  two  spheres,  with  a  thick  and 
variable  insulator  between  them.  The  amount  of  charge  in  each  jar  was 
determined  by  bringing  a  proof-plane  into  contact  with  its  knob,  and 
measuring  by  a  torsion  balance  the  charge  taken  away.  He  first 
charged  one  of  his  instruments,  and  then  dividing  the  charge  with  the 
other,  found  that  when  air  intervened  in  both  cases,  the  charge  waa 
equally  divided.  But  when  shell-lac,  sulphur,  or  spermaceti  was  inter- 
posed between  the  two  spheres  of  one  jar,  while  air  occupied  this 
interval  in  the  other,  then  he  found  that  the  instrument  occupied  by_ 
the  "  solid  dielectric  "  take*,  more  than  half  the  original  charge.  A 
portion  of  the  charge  was  absorbed  in  the  dielectric  itself.  The  elec- 
tricity took  time  to  penetrate  the  dielectric.  Immediately  utter  tho 
discharge  of  the  apparatus  no  trace  of  electricity  was  found  upon  its 
knob.  But  alter  a  time  electricity  was  found  there,  the  charge  having 
gradually  returned  from  the  dielectric  in  which  it  had  been  lodged. 
Different  insulators  possess  this  power  of  permitting  the  charge  to 
enter  Ibem  in  different  degrees.  Faraday  figured  their  particles  as 
polarized,  and  he  concluded  that  the  force  of  induction  is  propagated 
from  particle  to  particle  of  the  dielectric  from  the  inner  sphere  to  the 
outer  one.  This  power  of  propagation  possessed  by  insulators  he 
fill*  their  "  Sjfrijif  Inductive  Capacity." 

Faraday  visualizes  with  the  utmost  clearness  the  state  of  his  con- 
tiguous particles;  one  after  another  they  become  charged,  each  suc- 
ceeding particle  depending  for  its  charge  upon  its  predecessor.  And 
now  he  seeks  to  break  down  the  wall  of  partition  between  conductors 
and  insulators.  "  Can  wo  not,"  he  says,  "  by  a  gradual  chain  of  asso- 
ciation carry  up  discharge  from  its  occurrence  in  air  through  spermaceti 
and  water  to  solutions,  and  then  on  to  chlorides,  oxides,  and  metals, 
without  any  essential  change  in  its  character?  "  Even  copper,  he 
urges,  offers  a  resistance  to  the  transmission  of  electricity.  The  action 
of  its  particles  differs  from  those  of  an  insulator  only  in  degree.  They 
are  charged  like  the  particles  of  the  insulator,  hut  they  discharge  with 
greater  ease  and  rapidity ;  and  this  rapidity  of  molecular  discharge  is 
what  we  call  conduction.  Conduction  then  is  always  preceded  by 
atomic  induction ;  and  when  through  tome  quality  of  the  body,  which 
Faraday  does  not  define,  the  atomic  discharge  is  rendored  slow  and 
difficult,  conduction  pannm  into  insulation. 

Though  thoy  are  ofton  obscure-,  a  fine  vein  of  philosophic  thought 
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nine  through  tlioso  investigations.  The  mind  of  tho  philosopher 
dwells  amid  those  agencies  which  underlie  the  visible  phenomena  of 
Induction  and  Conduction ;  and  ho  tries  by  the  strong  light  of  his 
imagination  to  see  tho  vory  molecules  of  his  dielectrics.  It  would, 
however,  be  easy  to  criticize  these  rosea  re  hen,  easy  to  show  the  loose- 
ness, and  Bonietimes  tho  inaccuracy,  of  the  phraseology  employed; 
hut  this  critical  spirit  will  get  little  good  out  of  Faraday.  Itather  let 
those  who  ponder  his  works  seek  to  realize  the  object  ho  set  before 
him,  not  permitting  his  occasional  vagueness  to  interfere  with  their 
appreciation  of  his  spec  illations.  We  may  see  the. ripples,  and  eddies, 
and  vorticos  of  a  flowing  stream,  without  being  afale  to  resolve  all 
those  motions  into  their  constituent  elements;  and  so  it  sometimes 
strikes  me  tliat  Faraday  clearly  saw  tho  play  of  fluids  ami  ethers  and 
atoms,  though  his  previous  training  did  not  enable  him  to  resolve 
what  he  saw  into  its  constituents,  or  describe  it  in  a  manner  satisfac- 
tory to  a  mind  versed  in  mechanics.  And  then  again  occur,  I  confess, 
dork  sayings,  difficult  to  bo  understood,  which  disturb  my  confidence 
in  this  conclusion.  It  must,  however,  always  1«  remembered  that  he 
works  at  the  very  boundaries  of  our  knowledge,  and  that  his  mind 
habitually  dwells  in  the  "  boundless  contiguity  of  shade"  by  which 
that  knowledge  is  surrounded. 

In  tho  researches  now  under  review  tho  ratio  of  speculation  and 
reasoning  to  experiment  is  far  higher  than  in  any  of  Faraday's 
previous  works.  Amid  much  that  is  entangled  and  dork  we  have 
flashes  of  wondrous  insight  and  utterances  which  seem  less  the  prodi 
of  reasoning  than  of  revelation.  I  will  confine  myself  here  to  o 
example  of  this  divining  power : — By  his  most  ingenious  device  of 
rapidly  rotating  mirror,  Wheatstoue  had  proved  that  electricity  re- 
quired time  to  pass  through  a  wire,  tho  current  reaching  the  middle 
of  the  wire  later  than  its  two  onds.  "  If,"  says  Faraday,  "  tho  two 
ends  of  the  wire  in  Professor  Whciitstmie's  cxi^eii  incuts  were  imme- 
diately connoctod  with  two  large  insulated  metallic,  surfaces  exposed 
to  tho  air,  so  that  the  primary  act  of  induction,  after  making  tho 
contact  for  discharge,  might  bo  in  part  removed  from  the  internal 
portion  of  the  wire  at  the  first  instance,  and  disposed  for  tho  moment 
on  its  surface  jointly  with  the  air  and  surrounding  conductors,  then  I 
venture  to  anticipate  that  tho  middle  spark  would  bo  more  retarded 
than  before.  And  if  those  two  plates  were  tho  inner  and  outer 
coatings  of  a  large  jar  or  Ley  dun  battery,  then  the  retardation  of  the 
spark  would  he  much  greater."  This  was  only  a  prediction,  for  tho 
experiment  was  not  made."  Sixteen  wars  suWuuciilly,  however,  tho 
proper  conditions  came  into  play,  and  Faraday  was  able  to  show 
that  the  observations  of  Werner  Siemens,  and  Latimer  Clark,  on 
subterraneous    and    submarine   wires    were    illustrations,   on   a 
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scale,  of  the  principle  which  he  had  enunciated  in  1838.  The  wires 
and  the  surrounding  water  act  as  a  Leyden  jar,  and  the  retardation 
of  the  current  predicted  by  Faraday  manifests  itself  in  every  message 
stmt  by  such  cables. 

The  meaning  of  Faraday  in  these  memoirs  on  Induction  and  Con- 
duction is,  as  I  have  said,  by  no  means  always  clear ;  and  the  diffi- 
culty will  be  most  felt  by  those  who  are  best  trained  in  ordinary  theo- 
retic conceptions.  He  does  not  know  the  reader's  needs,  and  he  there- 
fore does  not  meet  them.  For  instance,  he  speaks  over  and  over  again 
of  the  impossibility  of  charging  a  body  with  one  electricity,  though  the 
impossibility  is  by  no  means  evident.  The  key  to  the  difficulty  is 
this.  He  looks  upon  every  insulated  conductor  as  the  inner  coating  of 
a  Leyden  jar.  An  insulated  sphere  in  the  middle  of  a  room  is  to  his 
mind  such  a  coating;  the  walls  are  the  outer  coating,  while  the  air  bo- 
tween  both  is  the  insulator,  across  which  the  charge  acts  by  induction. 
Without  this  reaction  of  the  walls  upon  the  sphere  you  could  no  more, 
according  to  Faraday,  charge  it  with  electricity  than  you  could  charge 
a  Leyden  jar,  if  its  outer  coating  were  removed.  Distance  with  him  is 
immaterial.  His  strength  as  a  gencralizer  enables  him  to  dissolve  the 
idea  of  magnitude ;  and  if  you  abolished  the  walls  of  the  room — even 
the  earth  itself — he  would  make  the  sun  and  planets  the  outer  coating 
of  his  jar.  I  dare  not  contend  that  Faraday  in  these  memoirs  made 
all  his  theoretic  positions  good.  But  a  pure  vein  of  philosophy  runs 
through  these  writings  ;  while  his  experiments  and  reasonings  on  the 
forms  and  phenomena  of  electrical  discharge  are  of  imperishable 
importance. 

Best  needed — Visit  to  Switzerland. 

The  last  of  these  memoirs  was  dated,  from  the  Royal  Institution 
in  June,  1838.  It  concludes  the  first  volume  of  his  '  Experimental 
Researches  on  Electricity.'  In  1840,  as  already  stated,  he  made  his 
final  assault  on  the  contact  theory,  from  which  it  never  recovered.* 
He  was  now  feeling  the  effects  of  the  mental  strain  to  which  ho  had 
been  subjected  for  so  many  years.  During  these  years  he  repeatedly 
broke  down.  His  wife  alone  witnessed  the  extent  of  his  prostration, 
and  to  her  loving  care  we,  and  the  world,  arc  indebted  for  the 
enjoyment  of  his  presence  here  so  long.  He  found  occasional  relief 
in  a  theatre.  He  frequently  quitted  London  and  went  to  Brighton 
and  elsewhere,  always  choosing  a  situation  which  commanded  a  view 
of  the  sea,  or  of  some  other  pleasant  horizon,  where  ho  could  sit  and 
gaze  and  feel  the  gradual  revival  of  the  faith  that 

"  Nature  never  did  betray 
The  heart  that  loved  her." 

But  very  often  for  some  days  after  his  removal  to  the  country  he 
would  be  unable  to  do  more  than  sit  at  a  window  and  look  out  upon 
the  sea  and  sky. 

*  See  note,  p.  220. 


In  1811,  hie  state  became  more  serious  than  it  had  ever  been 
before  A  published  letter  to  Mr.  Richard  Taylor,  dated  March 
11,  1843,  contains  an  allusion  to  his  previous  condition.  "  You  are 
aware,"  he  says,  "  that  considerations  regarding  health  have  prevented 
me  from  working  or  reading  on  science  for  the  last  two  years."  This, 
at  one  period  or  another  of  their  lives,  seems  to  be  the  fate  of  moat 
groat  investigators.  They  do  not  know  the  limits  of  their  consti- 
tutional strength  until  they  have  transgressed  them.  It  is,  perhaps, 
right  that  they  should  transgress  them,  in  ordor  to  ascertain  where 
they  lie.  Faraday,  however,  though  he  went  far  towards  it,  did  not 
push  his  transgression  beyond  his  power  of  restitution.  In  1841 
Mrs.  Faraday  and  he  went  to  Switzerland,  under  the  affectionate 
charge  of  her  brother,  Mr.  George  Barnard,  the  artist.  This  time  of 
suffering  throws  fresh  light  upon  his  character,  I  have  said  that 
sweetness  and  gentleness  were  not  its  only  constituents ;  that  he 
was  also  fiery  and  strong.  At  the  time  now  referred  to  his  fire  was 
low  and  his  titn.-iitrth  distilled  away ;  but  tho  residue  of  his  life  was 
neither  irritability  nor  discontent.  He  was  unfit  to  mingle  in  society, 
for  conversation  was  a  pain  to  him  ;  but  let  us  observe  tho  great 
Man-child  when  rdnue.  Ho  is  at  the  villi--!-  i.f  InhTlaheTi,  eiiji.ying 
Jungfrau  sunsets,  and  at  times  watehing  the  Swiss  nailers  making 
their  nails.  He  keeps  a  little  journal,  in  which  ho  describes  the 
process  of  nail-making,  and  incidentally  throws  a  luminous  beam  upon 
himself. 

"  August  2nd,  1841.  Clout  rail-making  goes  on  here  rntiier  considerably, 
and  is  a  very  neat  and  pretty  operation  to  observe.  I  love  a  smith's  shop  and 
anything  relating  tu  wnilhery.     My  father  tens  a  smith." 


From  Interlaken  he  wont  to  tho  Falls  of  the  Giessbach,  on  the 
pleasant  lake  of  Bricntz.  And  here  we  have  him  watching  the  shoot 
of  the  cataract  down  its  series  of  precipices.  It  is  shattered  into 
foam  at  tho  huso  of  each,  and  tossed  hy  its  own  recoil  as  water-dust 
through  tho  air.  The  sun  is  at  his  hack,  shining  on  tho  drifting 
spray,  and  he  thus  describes  and  muses  on  what  he  sees  :— 

"  August  12th,  1841.  To-day  every  Tall  was  foaming  from  the  abundance 
of  water,  and  the  curreiii  t>f  uiud  Uvu^ht  il.iwn  hy  ii  was  in  home  places  too 
strong  to  slacd  against.  The  sun  shone  brightly,  and  the  rainbows  seen  from 
various  points  wen  Terjr  beautiful.  One  at  the  bottom  of  a  fine  hut  furious  fall 
wag  very  pleasant,— there  it  remained  motionless  whilst  the  gusto  and  clonus 
of  spray  swept  furiously  across  its  place  and  were  dashed  against  the  rock. 
It  looked  like  a  spirit  strong  in  faith  and  steadfast  in  the  midst  of  the  storm  of 
passions  sweeping  across  it,  and  though  it  might  fade  and  revive,  still  it  held 
on  to  the  rock  as  in  hujie  and  giving  hope.  And  the  very  drups,  which  in  the 
whirlwind  of  their  fury  seemed  as  if  they  would  carry  all  away,  were  made  to 
revive  it  and  give  it  greater  beauty." 
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Mag7tctiiat!on  of  Light. 
But  wo  most  quit  the  man  and  go  on  to  the  discoverer  ;  we  shall 
dim  Ik  a  brief  space  to  liis  company  by  and  by.  Carry  your 
thoughts  back  to  his  last  experiments,  and  see  him  endeavouring 
to  prove  that  induction  is  due  to  the  action  of  contiguous  particles. 
He  knew  that  polarized  light  was  a  most  subtle  and  delicate  inves- 
tigator of  molecular  condition.  He  used  it  in  1834  in  exploring  hia 
electrolytes,  and  he  tried  it  in  1838  upon  his  dielectrics.  At  that 
time  be  coated  two  opposite  facos  of  a  glass  cube  with  tinfoil,  con- 
nected one  coating  with  hie  powerful  electric  machine  and  the  other 
with  the  earth,  and  examined  by  polarized  light  the  condition  of  the 
glass  when  thus  subjected  to  strong  electric  influence.  He  failed 
to  obtain  any  effect,  still  he  was  persuaded  an  action  existed,  and 
required  only  suitable  means  to  call  it  forth. 

After  his  return  from  Switzerland  he  was  beset  by  these  thoughts  : 
they  were  more  inspired  than  logical ;  but  he  resorted  to  magnets 
and  proved  his  inspiration  true.  His  dislike  of  "  doubtful  know- 
ledge" and  his  efforts  to  liberate  bis  mind  from  the  thraldom  of 
hypotheses  have  been  already  referred  to.  Still  this  rebel  against 
theory  was  incessantly  theorizing  himself.  His  principal  researches 
are  all  connected  by  an  undercurrent  of  speculation.  Theoretic 
ideas  were  the  very  sap  of  his  intellect — the  sourco  from  which  all 
his  strength  as  an  experimenter  was  derived.  While  once  sauntering 
with  him  through  the  Crystal  Palace,  at  Sydenham,  I  asked  him  what 
directed  hia  attention  to  the  magnetization  of  light.  It  was  hie 
theoretic  notions.  He  had  certain  views  regarding  the  unity  and 
convertibility  of  natural  forces ;  certain  ideas  regarding  the  vibrations 
of  light  and  their  relations  to  the  lines  of  magnetic  force;  these  views 
and  ideas  drove  him  to  investigation.  And  so  it  must  always  be  :  the 
great  experimentalist  must  ever  be  the  habitual  theorist,  whether  or  not 
be  gives  to  his  theories  formal  enunciation. 

Faraday,  you  anrst  have  been  informed,  endeavoured  to  improve 
the  rnanu&cturo  of  glass  for  optical  purposes.  But  though  he  pro- 
duced a  heavy  glass  of  great  refractive  power,  its  value  to  optics  did 
not  repay  him  for  the  pains  and  labour  bestowed  on  it.  Now,  however, 
we  reach  a  result  established  by  means  of  this  samo  heavy  glass,  which 
made  ample  amends  for  all. 

In  November,  18-1.5,  he  announced  his  discovery  of  the  "  Magneti- 
sation of  Light,  nnd  the  Illumination  of  the  Lines  of  Magnetic  Force." 
This  title  provoked  comment  at  the  time,  aud  caused  misapprehension. 
He  therefore  added  an  explanatory  note  ;  but  the  note  left  his  meaning 
as  entangled  as  before.  In  fact,  Faraday  had  notions  regarding  the 
magnetization  of  light  which  were  peculiar  to  himself,  and  untrans- 
latable into  tho  scientific  language  of  the  time.  Probably  no  other 
philosopher  of  his  iUy  would  have  employed  the  phrases  just  quoted 
as  appropriate  to  the  discovery  announced  in  1815.  But  Faraday 
was  more  than  a  philosopher;  he  was  a  prophet,  and  often  wrought 
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by  an  inspiration  to  bo  understood  by  sympathy  ftlono.  The  prophetic 
element  in  his  character  occasionally  QolatEred  anil  even  injured  the 
utterance  of  the  man  of  science ;  but  subtracting  that  element,  though 
you  might  have  conferred  on  him  intellectual  symmetry,  you  would 
have  doHtroycd  his  motive  force. 

But  let  us  pass  from  tho  label  of  this  casket  to  the  jewel  it  eon- 
tains.  "  I  have  long,"  he  says,  "  held  an  opinion  almost  amounting  to 
conviction,  in  common  I  believe  with  many  other  lovers  of  natural 
knowledge,  that  the  various  forms  under  which  the  forces  of  matter 
are  made  manifest  havo  one  common  origin;  in  other  words,  are  so 
directly  related  and  mutually  dependent,  that  they  are  convertible,  as 
it  were,  into  one  another,  and  possess  equivalents  of  power  in  their 

action This  strong  persuasion,"  he  adds,  "extended  to  the 

powers  of  light."  And  then  he  examines  tho  action  of  magnets1 
upon  light.  From  conversation  with  him  and  Anderson,  I  should 
infor  that  the  hilxsiir  piveeding  this  discovery  was  very  great.  The 
world  knows  little  of  the  toil  of  the  discoverer.  It  sees  the  climber 
jubilant  ou  the  mountain-top,  but  does  not  know  tho  labour  ex- 
pended in  reaching  it.  Probably  hundreds  of  es]ieriments  had  been 
made  on  trausjiareut  crystals  before  he  thought  of  testing  his  heavy 
glass.  Hero  is  bis  own  clear  and  simple  description  <>f  the  result  of 
his  first  experiment  with  litis  substance  : — "  A  piece  <if  this  glass,  about 
two  inches  square,  and  O'o  of  an  inch  thick,  having  flat  and  polished 
edges,  was  placed  as  a  duimfigncti'-*  between  tho  poles  (not  as  yet 
magnetized  by  tie.'  electric  current),  so  that  the  polarized  ray  should 
pass  through  its  length  :  the  glass  acted  as  air,  water,  or  any  other 
transparent  substance  would  do  ;  and  if  the  eye- piece  were  previously 
turned  into  such  a  position  that  the  polarized  ray  was  extinguished,  or 
rather  the  image  produced  by  it  rendered  invisible,  then  tho  intro- 
duction of  tho  glass  made  no  alteration  in  this  respect.  In  tins  state 
of  circumstances,  the  force  of  tho  electro-magnet  was  developed  by 
sending  an  electric  curront  through  its  coils,  and  immediately'  the 
image  of  tho  lamp-flame  became  visible,  and  continued  so  long  as 
tho  arrangement  continued  magnetic.  Unstopping  the  electric  cur- 
rent, and  so  canning  the  magnetic  force  to  eease,  tho  light  instantly 
disappeared.  These  phenomena  could  be  renewed  at  pleasure,  at  any 
instant  of  time,  and  upon  any  occasion,  showing  a  perfect  dependence 
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a  beam  of  ordinary  light  the  particles  of  the  luminiferons  ether 
vibrato  in  all  directions  perpendicular  to  the  line  of  progression ;  by 
the  act  of  polarization,  performed  here  by  Faraday,  all  oscillations  but 
those  parallel  to  a  certain  plane  are  eliminated.  When  tho  plane  of 
vibration  of  the  polarizer  coiui-ides  "ith  that  of  the  analyzer,  a  portion 


at  hy  their 
magnetic  state  el  irmi  or  Miil.-li.ni'."      Farailny  hiii*e<'|iii:nl.lv   n-,,1  this  term  in  ■ 
different  sense  from  that  liere  given,  as  will  inu.ii.ilin1x.-l)-  appear. 
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of  the  beam  passes  through  both;  hut  when  these  two  pianos  are  at 
right  angles  to  each  other,  the  beam  is  extinguished.  If  by  any  means, 
while  the  polarizer  and  analyzer  remain  thus  crossed,  the  plane  of 
vibration  of  the  polarized  beam  between  them  could  be  changed,  then 
the  light  would  be,  in  part  at  least,  transmitted.  In  Faraday's  ex- 
periment this  was  accomplished.  His  magnet  turned  the  piano  of 
polarization  of  the  beam  through  a  certain  angle,  and  thus  enabled  it 
to  get  through  the  analyzer  ;  so  that  "the  magnetization  of  light  and 
the  illumination  of  the  magnetic  lines  of  force "  becomes  when  ex- 
pressed in  .the  language  of  modern  theory,  lite  .rotation  of  the  plane  of 

To  bim;  as  to  all  true  philosophers,  the  main  value  of  a  fact  was 
its  position  and  suggest! veu ess  in  the  general  sequence  of  scientific 
truth.  Hence,  having  established  the  existence  of  u  phenomenon,  his 
habit  was  to  look  at  it  from  all  possible  points  of  view,  and  to  develop 
its  relationship  to*  other  phenomena.  Ho  proved  that  tbe  direction  of 
the  rotation  depends  upon  the  polarity  of  his  magnet ;  being  reversod 
when  the  magnetic  poles  are  reversed.  He  showed  that  when  a 
polarized  ray  passed  through  his  heavy  glass  in  a  direction  parallel  to 
the  magnetic  lines  of  force,  the  rotation  is  a  maximum,  and  that  when 
the  direction  of  the  ray  is  at  right  angles  to  the  Hues  of  force  there 
is  no  rotation  at  all.  He  also  proved  that  the  amount  of  the  rotation 
is  proportional  to  the  length  of  the  dionmguelic  through  which  the  ray 
posses.  He  operated  with  liquids  and  solutions.  Of  aqueous  solutions 
lie  tried  150  and  more,  and  found  the  power  in  all  of  them.  He  then 
examined  gases;  bnt  here  all  his  efforts  to  produce,  any  sensible  action 
upon  tbe  polarized  beam  were  ineffectual.  He  then  [lammd  from  mag- 
nets to  currents,  enclosing  bars  of  heavy  glass,  and  tubes  containing 
liquids  and  aqueous  solutions  within  an  eleetro-uiiigiu'lic  helix.  A  cur- 
rent sent  through  the  helix  caused  the  plane  of  polarization  to  rotate, 
and  always  in  tin:  <liri?ti»n  of  the.  draw'.  The  rotation  was  reversed 
when  the  current  was  reversed.  Iu  the  case  of  magnets,  he  observed  a 
gradual,  though  quick,  ascent  of  the  transmitted  beam  from  a  state  of 
darkness  to  its  maximum  brilliancy  when  the  magnet  was  excited.  In 
tbe  MM  of  currents,  tbe  beam  attained  at  omet  its  maximum.  This  he 
showed  to  be  duo  to  the  time  required  by  the  iron  of  the  electro-magnet 
tr>  Msomo  its  full  magnetic  power,  which  time  vanishes  when  a  current 
without  iron  is  employed.  "  In  this  experiment,"  ho  says,  "  wo  may, 
I  think,  justly  say  that  a  ray  of  light  is  electrified,  ami  the  electric 
Circes  illuminated."  In  the  helix,  as  with  the  magnets,  ho  submitted 
W  to  magnetic  influence  "carefully  and  anxiously,"  but  cuuld  not 
discover  any  trace  of  action  on  the  polarized  ray. 

Many  substances  possess  the  power  of  turning  the  piano  of  polari- 
sation without  tbe  intervention  of  magnetism.  Oil  of  tnrpentino  and 
quarts!  are  examples  :  but  Faraday  showed  that,  while  in  one  direction, 
thai  is,  across  the  lines  of  magnetic  force,  his  rotation  is  zero,  aug- 
menting gradually  from  this  until  it  attains  its  maximum,  when  the 
direction  of  the  ray  is  pumllel  to  the  lines  of  force,  in  the  oil  of 
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turpentine,  the  rotation  is  independent  of  the  direction  of 
But  he  showed  that  a  still  more  profound  distinction  exists  between 
the  magnetic  rotation  and  the  natural  one,  I  will  try  to  explain  bow. 
Suppose  a  tube  with  glass  ends  containing  oil  of  turpentine  to  be 
placed  north  and  south.  Firing  the  eye  at  the  south  end  of  the  tube, 
let  a  polarized  beam  bo  sent  through  it  from  the  north.  To  the 
observer  in  this  position  the  rotation  of  the  plane  of  polarization,  by 
the  turpentine,  is  right-handed.  Let  the  eye  be  placed  at  the  north 
end  of  the  tube  and  a  beam  be  sect  through  it  from  the  south ;  the 
rotation  is  still  right-handed.  Not  so,  however,  when  a  bar  of  heavy 
gloss  is  subjected  to  the  action  of  an  electric  current.  In  this  case 
if,  in  the  first  position  of  the  eye,  the  rotation  be  right-handed,  in 
the  second  position  it  is  left-handed.  These  eou  si  derations  make  it 
manifest  that  if  a  polarized  beam,  after  having  passed  through  the  oil 
of  turpentine  in  its  natural  state,  could,  by  any  means,  be  reflected 
back  through  the  liquid,  the  rotation  impressed  upon  the  direct  beam 
would  be  exactly  neutralized  by  that  impressed  upon  tho  reflected  one. 
Not  so  with  tho  induced  magnetic  effect.  Here  it  is  manifest  that 
the  rotation  wonld  be  doubled  by  the  act  of  reflection.  Hence  Fara- 
day concludes  that  tho  particles  of  the  oil  of  turpentine  which  rotate 
by  virtue  of  their  natural  force,  and  those  which  rotate  in  virtue  of 
the  induced  force,  cannot  bo  in  the  same  condition.  The  same  remark 
applies  to  all  bodies  which  possess  a  natural  power  of  rotating  the 
plane  of  polarization. 

And  then  he  proceeded  with  exquisite  skill  and  insight  to  take  ad- 
vantage of  this  conclusion.  He  silvered  the  euds  of  his  piece  of  heavy 
glass,  leaving,  however,  a  narrow  portion  parallel  to  two  edges  dia- 
gonally opposed  to  each  other  uusilvercd.  Ho  then  sent  his  beam 
through  this  uncovered  ]iortion,  and  by  suitably  inclining  his  glass 
caused  the  beam  within  it  to  reach  his  eye,  first  direct,  and  then  after 
two,  four,  and  six  reflections.  Those  corresponded  to  the  passage  of 
the  ray  once,  three  times,  five  times,  and  seven  times  through  the 
glass.  He  thus  established  with  numerical  accuracy  the  exact  pro- 
portionality of  tho  rotutkm  to  the  distance  traversed  by  tho  polarized 
beam.  Thus  in  one  series  of  experiments  where  the  rotation  acquired 
by  tho  direct  beam  was  V2",  that  acquired  by  three  passages  through 
tho  glass  was  iJli",  while  that  Matured  by  live  passages  was  60". 
But  even  when  this  method  of  magnifying  was  applied,  he  failed  with 
various  solid  substances  to  obtain  auy  effect;  and  in  tho  case  of  air. 
though  he  employed  to  the  utmost  the  power  which  these  repeated 
reflections  placed  in  his  bands,  he  failed  to  produce  the  slightest 
sonsible  rotation. 

These  failures  of  Faraday  to  obtain  the  effect  with  gases,  seem  to 
indicate  the  true  seat  of  the  phenomenon.  The  luuiiniferous  ether 
surrounds  and  is  influenced  by  the  ultimate  particles  of  matter.  Tbe 
symmetry  of  the  one  involves  that  of  the  other.  Thus,  if  tho  molecules 
of  a  crystal  be  perfectly  symmetrical  round  auy  line  through  tho 
crystal,  wo  may  safely  conclude  that  a  ray  will  pass  along  this  lino 
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•s  through  ordinary  glass.  It  will  not  bo  doubly  refracted.  Prom 
the  symmetry  of  the  liquid  figures,  known  to  bo  produced  in  the  planes 
of  freezing,  when  radiant  heat  is  sent  through  ice,  we  may  safely  infer 
symmetry  of  aggregation,  and  hence  conclude  that  the  line  perpendi- 
cular to  the  planes  of  freezing  is  a  line  of  no  double  refraction  :  that  it 
is,  in  fact,  the  optic  axis  of  tho  crystal.  The  same  remark  applies  to 
the  lino  joining  the  opposite  blunt  angles  of  a  crystal  of  Iceland  spar. 
The  arrangement  of  the  molecules  round  this  line  being  symmetrical, 
the  condition  of  the  ether  depending  upon  these  molecules  shares  their 
symmetry ;  and  there  is,  therefore,  no  reason  why  the  wave-length 
should  alter  with  the  alteration  of  the  azimuth  round  this  line.  An- 
Mfctai  glass  bos  its  molecules  nyitnn<tni_';il]y  MWngrf  round  overy 
line  that  can  be  drawn  through  it ;  hence  it  is  not  doubly  refractive. 
Bat  let  the  substance  be  either  squeezed  or  strained  in  one  direction, 
the  molecular  symmetry,  and  with  it  the  symmetry  of  the  ether,  is 
immediately  destroyed  and  the  glass  becomes  doubly  refractive. 
Unequal  heating  produces  the  some  effect.  Thus  mechanical  strains 
reveal  themselves  by  optical  effects  ;  and  there  is  little  doubt  that  in 
Faraday's  experiment  it  is  the  magnetic  strata  that  produces  the  rota- 
tion of  the  plane  of  polarization.* 


Di#r*trtf  of "Diamagndism — Beiearches  on  Mat/ne-CrystaWc  Action. 
Faraday's  next  great  step  in  discovery  was  announced  in  a  memoir 
on  the  "Magnetic  Condition  of  all  Mutter,"  communicated  to  the 
Royal  Society  on  the  18th  of  December,  1845.  One  great  source  of 
his  success  was  the  employment  of  extraordinary  power.  As  already 
stated,  he  never  accepted  a  negative  answer  to  an  esjKiriment  until  he 
had  brought  to  bear  upon  it  all  the  force  at  his  command.  He  had 
over  and  over  again  tried  steel  magnets  and  ordinary  electro-magnets 
on  various  substances,  but  without  detecting  anything  different  from  the 
ordinary  attraction  exhibited  by  a  few  of  them.  Stronger  coercion, 
however,  developed  a  new  action.  Before  the  pole  of  an  electro- 
magnet, he  suspended  a  fragment  of  his  famous  heavy  glass ;  and 
observed  that  when  the  magnet  was  powerfully  excited  the  glass  fairly 
retreated  from  the  pole.  It  was  a  clear  case  of  magnetic  repulsion. 
He  then  suspended  a  bar  of  tho  glass  between  two  poles ;  tho  bar 
retreated  when  the  polos  were  excited,  and  set  its  longth  equaJoriallg 

•  The  power  of  double  refraction  conferred  on  (lie  centre  of  n  glass  rod,  when 
il  i>  caused  to  sound  Die  fundamental  note  due  lo  its  longitudinal  vibration,  and 
tie  absence  of  the  same  power  in  the  case  of  vflmtnu  all  (endowed  in  n  pltiss 
organ-pipe),  eeem/  to  be  analogous  to  the  presence  and  absence  of  Farads; V  effect 
in  the  auiie  two  lubetaoOt-g. 

Faraday  never,  to  my  knowledge,  attempted  to  give,  oven  iu  con  venation,  ft 
picture  of  the  molecular  condition  of  his  heavy  glass  when  subjected  to  magnetic 


influence.      In  a  mathematical  Investigation  of  tho   subject,  published   i 
Proceedings  of  the  Koyal  Society  for  INoi".  Sir  William  Thomson  nr  '    - 
rvxieliision  that  the  "  dlaniagnelio  "  is  in  a  state  of  molecular  rotation. 
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or  at  right  angles  to  the  lice  joining  them.  When  an  ordinary 
magnetic  hotly  was  similarly  suspended,  it  always  set  axiatty,  that  is, 
from  polo  to  polo. 

Faraday  called  those  bodies  which  were  repelled  by  the  poles  of 
a  magnet,  diamatjiiet'tc  bodies;  using  this  term  in  a  senso  ilitfi.Ti.-iit 
from  that  in  which  he  employed  it  in  his  memoir  on  tho  magneti- 
zation of  light.  Tho  term  mmjndir  lie  reserved  for  bodies  which 
exhibited  the  ordinary  attraction.  He  afterwards  employed  tho  term 
magnetic  to  cover  the  whole  phenomena  of  attraction  and  repnlsiun, 
and  used  tho  word  paramagnetic  to  designato  sueh  magnetic  action  as 
is  exhibited  by  iron. 

Isolated  observations  by  Brugmanns,  Bccqnerd,  le  Eaillif,  Saigy, 
and  Hcobeck  had  indicated  tho  existence  of  a  repulsive  furee  exercised 
by  tho  magnet  on  two  or  three  substances ;  but  these  observations, 
which  were  unknown  to  Faraday,  bad  been  permitted  to  remain  with- 
out extension  or  examination.  Having  laid  hold  of  tho  fact  of  repul- 
sion, Faraday  immediately  expanded  and  multiplied  it.  He  subjected 
hodies  of  the  moat  various  qualities  to  the  action  of  his  magnet : — 
mineral  salts,  acids,  alkalis,  ethers,  alcohols,  aqueous  solutions,  glass, 
phosphorus,  resins,  oils,  essences,  vegetable  and  animal  tissues,  and 
found  them  all  amenable  to  magnetic  influence.  No  known  solid  or 
liquid  proved  insensible  to  tliu  magnetic  power  when  developed  in 
sufficient  strength.  All  tho  tissues  of  tho  human  body,  the  blood — 
though  it  contains  iron — included,  were  proved  to  be  diamagnetic. 
So  that  if  you  could  suspend  a  man  between  the  poles  of  a  magnet, 
hia  oxtremitics  would  retreat  from  the  poles  until  his  length  became 
equatorial. 

Soon  after  ho  had  commenced  his  researches  on  diamagnetism, 
Faraday  noticed  a  remarkable  phenomenon  which  tirst  crossed  my 
own  path  in  tho  following  way  ;— In  tho  year  1843,  while  working 
in  the  cabinet  of  my  friend,  ['ru lessor  Knoblauch,  of  Murhurg,  I  sus- 
pended a  small  copper  coin  between  tho  poles  of  an  oloctro-magnet. 
On  exciting  tho  magnet.,  the  coin  moved  towards  the  poles  and  thou 
suddenly  stopped,  as  if  it  had  struck  against  a  cushion.  On  breaking 
the  circuit,  the  coin  was  repelled,  tho  revulsion  being  so  violent  as 
tocauso  it  to  spin  several  limes  round  its  axis  of  suspension.  A  Silbcr- 
groechen  similarly  fiispended  exhibited  the  same  deportment.  For  a 
moment  I  thought  this  a  new  discovery  ;  but  on  looking  over  tho 
literature  of  tho  subject,  it  appeared  that  Faraday  had  observed,  multi- 
plied, and  explained  tho  same  effect  during  his  researches  on  dia- 
magnctism.  His  explanation  was  bused  upon  his  own  great  discovery 
of  magnetn-eleetrie  currents.  The  efiWt  is  a  most  singular  one.  A 
weight  of  several  pounds  of  copper  may  be  set  spinning  between  the 
olectro-magnetie  poles;  the  excitement  of  the  magnet  instantly  stops 
tho  rotation.  Though  nothing  is  apparent  to  the  eye,  tho  copper,  if 
moved  in  the  excited  magnetic  tield,  appears  to  move  through  a  viscous 
fluid  ;  while,  when  a  flat  piece  of  the  metal  is  caused  to  pass  to  and 
fro  like  a  saw  between  the  poles,  the_  sawing  of  tho  magnetic  field 
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e  the  cutting  through  of  cheese  or  butter."  This  virtual  friction 
of  the  magnetic  field  is  so  strong  that  copper  by  its  rapid  rotation 
between  the  poles  might  probably  be  fused.  We  may  easily  dismiss 
this  experiment  by  saying  that  the  heat  is  due  to  the  electric  currents 
excited  in  the  copper.  But  so  long  as  we  arc  unable  to  reply  to  the 
question,  ■  What  is  on  electric  current  ?"  the  explanation  is  only 
provisional.  For  my  own  part,  I  look  with  profound  interest  and 
hope  on  the  strange  action  here  referred  to, 

Faraday's  thoughts  ran  intuitively  into  experimental  combina- 
tions, so  that  subjects  whose  capacity  for  experimental  treatment 
would  to  ordinary  minds  seem  to  bo  exhausted  in  a  moment,  were 
shown  by  him  to  be  all  but  inexhaustible.  He  has  now  an  object  in 
view,  the  first  step  towards  which  is  the  proof  that  the  principle  of 
Archimedes  is  true  of  magnetism.  Ha  forms  magnetic  solutions  of 
various  degrees  of  strength,  places  them  betweou  the  poles  of  his 
magnet,  and  suspends  in  the  solutions  various  magnetic  bodies.  Ho 
proves)  that  when  the  solution  is  stronger  than  the  body  plunged  in 
it,  the  body,  though  magnetic,  is  repelled  ;  and  when  an  elongated 
piece  of  it  is  surrounded  by  the  solution  it  sets,  like  a  diamagnotic 
body,  equatorially  between  the  excited  poles.  The  same  body  when 
suspended  in  a  solution  of  weaker  magnetic  power  than  itself  is 
attracted  as  wbole,  while  on  elongated  portion  of  it  sets  oxially. 

And  now  theoretic  questions  rush  in  upon  him.  Is  this  new 
force  a  true  repulsion,  or  is  it  merely  a  differential  attraction '? 
Might  not  the  apparent  repulsinn  of  diamaguetic  bodies  be  really 
due  to  the  greater  attraction  of  tho  medium  by  which  tliey  are  sur- 
ri  luinlrjil  ?  He  tries  the  rarefaction  of  air,  tuft  finds  the  effect  in- 
sensible. He  is  averse  to  ascribing  a  capacity  of  attraction  to  space, 
or  to  any  hypothetical  medium  supposed  to  fill  space.  He  therefore 
inclines,  but  still  with  caution,  to  the  opinion  that  the  action  of  a 
magnet  upon  bismuth  is  a  true  and  absolute  repulsion,  and  not  merely 
the  result  of  differential  attraction.  And  then  he  clearly  states  a 
theoretic  view  sufficient  to  account  for  the  phenomena.  "  Theoreti- 
cally," he  says,  "  an  explanation  of  the  movements  of  the  diamaguetio 
bodies,  and  all  the  dynamic  phenomena  consequent  upon  the  action  of 
magnets  upon  them,  might  bo  offered  in  the  supposition  that  magnetic 
induction  caused  in  them  a  contrary  state  to  that  which  it  produced 
in  ordinary  matter."  That  is  to  say,  while  in  ordinary  magnetic 
!  the  exciting  polo  excites  adjacent  to  itself  the  contrary 
nn,  in  diamaguetio  bodies  the  adjacent  magnetism  is  the 
s  that  of  the  exciting  pole.  This  theory  of  reversed  polarity, 
however,  does  not  appear  to  have  ever  laid  deep  bold  of  Faraday's 
mind  ;  and  his  own  experiments  failed  to  givo  any  evidence  of  its 
truth.  He  therefore  subsequently  abandoned  it,  and  maintained  tho 
■rwt-rw/art/y  of  the  diamagtictic  force. 

Ho  then  entered  a  new,  thongh  related  field  of  inquiry.     Having 


dealt  with  tho  motals  and  their  compounds,  and  having  classified  all 
of  thorn  that  came  within  tho  range  uf  Lis  observation  under  the  two 
heads  magnetic  and  dianiagnetic,  he  began  the  investigation  of  the 
phenomena  presented  by  crystals  when  subjected  to  magnetic  power. 
The  action  of  crystals  had  been  in  port  theoretically  predicted  by 
Poisson,"  and  actually  discovered  by  Pliickcr,  whose  beautiful  results, 
at  the  period  which  we   have   now  reached,    profoundly  interested 
all  scientific   men.      Faraday  had  been   frequently  puzzled  by  the  de- 
partment of  bismuth,  a  highly  crystalline  metal.      Sometimes  elongated 
mosses  of  tho  substance  refused  to  set  equator ially,  sometimes  they 
persistently  oblique,  and  sometimes  even,  like  a  magnetic  body,  fri 
polo  to  pole.     "  The  effect,"  he  says,  "  occurs  at  a  single  pole ;  and 
is  then  striking  to  observe  a  long  piece  of  a  substance  so  diamagm 
as  bismuth  repelled,  and  yet  at  the  same  moment  set  round  with  foi 
ax  ially,  or  end  on,  as  a  piece  of  magnetic  Rulnt&nco  would  do."     The 
effect  perplexed  him  ;   and  in  his  efforts  to  release  himself  from 
perplexity,  no  feature  of  this  new  manifestation  of  force  escaped  his 
attention.     His  experiments  are  described  in  a  memoir  communicated 
to  the  Royal  Society  on  tho  7th  of  December,  1848. 

I  have  worked  long  myself  at  m ague- cry stallic  action,  amid  all 
the  light  of  Faraday's  and  Flicker's  researches.  Tho  papers  now 
before  me  were  objects  of  daily  and  nightly  study  with  me  eighteen 
or  nineteen  years  ago  ;  hut  even  now,  though  their  perusal  is  but  the 
last  of  a  sories  of  repetitions,  they  astonish  mo.  Every  circum- 
stance connected  with  the  subject ;  every  shado  of  deportment ;  every 
variation  in  tho  energy  of  the  action ;  almost  every  application  which 
could  possibly  bo  madi  of  magnetism  to  bring  out  in  detail  the  cha- 
racter of  this  new  force,  is  minutely  described.  Tho  field  is  swept 
clean  and  hardly  anything  experimental  is  left  for  the  gleaner.  The 
phenomena  he  concludes  are  altogether  different  from  those  of  mag- 
netism or  diaiimgui  (ism  ;  they  would  appear  in  fact  to  present  to  us 
"a  new  force,  or  a  now  form  of  force,  in  the  molecules  of  matter," 
which  for  convenience  sako  he  designates  by  a  new  word,  as  "  tho 
magne-crystalllc  force." 

He  looks  at  tho  crystal  acted  upon  by  the  magnet.  From  its  mass 
he  passes,  in  idea,  to  its  atoms,  and  he  asks  himself  whether  the  power 
which  can  thus  seize  upon  tho  crystalline  molecules,  aftor  tbey  have 
been  fixed  in  their  proper  positions  by  crystallizing  force,  may  not, 
when  they  aro  free,  be  able  to  determine  their  arrangement  ?  He 
therefore  liberates  the  atoms  by  fusing  the  bismuth.  Ue  places  the 
fused  substance  between  the  poles  of  an  electro -magnet,  powerfully 
excited  ;  but  he  fails  to  detect  any  action.  I  think  it  cannot  be 
doubted  that  an  action  is  exerted  here,  that  a  true  cause  comes  into 
play ;  but  its  magnitude  is  not  such  as  sensibly  to  interfere  with  the 
force  of  crystallization,  which,  in  comparison  with  tho  diamaguctic 
force,    is  enormous.     "  Perhaps,"  adds  Faraday,  "  if  a  longer  time 
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were  allowed  and  a  permanent  magnet  used,  n  butter  result  might  bo 
obtained.  I  hod  built  many  hopes  upon  tin:  process."  This  expression, 
and  bis  writings  abound  in  such,  illustrates  what  has  been  already 
&iid  regarding  his  experiments  being  suggested  ami  guided  by  his 
theoretic  conceptions.  His  mind  was  full  of  hopes  and  hypotheses, 
but  bo  always  brongbt  them  to  an  experimental  teat  Tho  record  of 
hut  planned  and  executed  experiments  woidd,  I  doubt  not,  show  a 
high  ratio  of  Lupus  disappointed  to  hopes  fulfilled  ;  but  every  ease  of 
fain  Intent  abolished  all  memory  of  defeat ;  disappoint  me  nt  was  swal- 
lowed Up  in  victory. 

After  tho  description  of  the  general  character  of  this  new  force, 
Faraday  states  with  the  emphasis  he-re  reproduced  its  mode  of  action  : 
"  Tho  but  of  action  appears  to  bo  that  ft*  (mm  or  OM  "/  maose-uiiyst.ii.- 
uo/to  (being  the  resultant  of  tho  action  of  all  the  moleenles)  i-  mfa 
toylare  tifd/ jiarallel,  or  a*  a  tangent,  to  the  maMatu  «"■» 
wuiijiHiu-  fare*.  passnu  t&nmgk  the  pines  wham  the  enptal  it  mtmted. ' 
The  magnc-cry  stall  ie  foroe,  moreover,  appears  to  hiin  "to  be  clearly 
distinguished  from  the  magnetic  n  lilMBBgnttin  forces,  in  tout  it 
causes  neitbe-r  approach  nor  lm  Minimi,  ci  moisting  not  in  attraction  or 
repulsion,  but  in  giving  a  certain  determinate  position  to  the  mass 
ouiler  its  influence."  And  thon  ho  goes  on  "  very  carefully  to  examine 
and  prove  the  conclusion  that  there  wan  no  connection  of  the  force 
with  attractive  or  repulsive,  inunouces."  With  the  most  refined 
iu^i  aiiitr  be  shows  that,  under  certain  circumstances,  tho  mague- 
erysullio  force  can  cause  tho  centre  of  gravity  of  a  highly  magnetic 
body  to  retreat  from  tho  poles,  awl  th<)  contre  of  gravity  of  a  highly 
diamsgnctic  lx>dy  to  approach  them.  His  experiments  rout  his  mind 
more  and  more  firmly  in  the  conclusion  that  it  is  "  neither  attraction 
nor  repulsion  causes  the  set,  or  governs  the  final  position  "  of  tho 
crystal  in  the  magnetic  Held.  That  the  force  which  does  so  is  there- 
fore "distinct  in  its  character  ami  ofiects  from  the  magnetic  and 
diamagnelic  forms  of  force.  On  the  other  haud,"  he  continues,  "  it 
has  a  most  manifest  relation  to  the  crystalline  structure  of  bismuth 
and  other  bodies,  and  therefore  to  tho  power  by  which  their  mole- 
coles  are  able  to  build  up  the  crystalline  masses." 

Anil  bore  follows  one  of  thoso  expressions  which  characterize  tho 
oonooptions  of  Faraday  in  regard  to  force  generally  : — "  It  appears  to 
me  impossible  to  conceive  of  tho  results  in  any  other  way  than  by  a 
tnntnaJ  reaction  of  the  magnetic  force,  and  the  force  of  tho  particles 
of  the  crystal  upon  each  other."  Ho  proves  that  the  action  of  tho 
force  though  thus  molecular  is  an  action  ut  a  distance;  ho  shows 
thai  a  bismuth  crystal  enn  cause  a  freely  suspended  magnetic  noedlo 
to  eta  parallel  to  its  muguo-erysfallic  axis.  Pew  living  men  are  aware 
of  the  difficulty  of  obtaining  results  like  this,  or  of  tho  delicacy  necessary 
fcj  their  attainment.  "  But  though  it  thus  takes  up  the  character  of  a 
feme  acting  at  a  distance,  still  it  is  due  to  that  power  of  tho  particles 
which  makes  them  cohere  in  regular  order  ami  gives  the  mass  its 
cryitalline  aggregation,  which  we  coll  at  other  times  the  attraction 
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of  aggregation,  and  so  often  speak  of  as  acting  at  insensible  distances.'' 
Thus  lie  broods  over  this  now  force,  and  looks  at  it  from  all  possible 
points  of  inspection.  Experiment  follows  experiment,  as  tbonght  fol- 
lows thought.  He  will  not  relinquish  the  subject  as  long  as  n  hope 
exists  of  throwing  more  light  upon  it.  He  knows  full  well  the  ano- 
malous nature  of  the  conclusion  to  which  his  experiments  lead  him, 
But  experiment  to  him  is  final,  and  ho  will  not  shrink  from  the 
conclusion.  "  This  force,"  ho  says,  "  appears  to  mo  to  be  very  strange 
nnd  striking  in  its  character.  It  is  not  polar,  for  there  is  no  attraction 
or  repulsion."  And  then,  as  if  startled  by  his  own  utterance,  he  adds : 
— "What  is  the  nature  of  the  DMohanioaJ  force  which  turns  the  crystal 
round,  and  makes  it  affect  a  magnet '! "  .  .  .  "  I  do  not  remember," 
ho  continues,  "heretofore  such  a  case  of  force  as  the  present  one, 
whero  a  body  is  brought  into  position  only,  without  attraction  or 
repulsion." 

Pliicker,  the  celebrated  geometer  already  mentioned,  who  pursued 
experimental  physics  for  many  years  of  his  life  with  singular  devotion 
and  success,  visited  Faraday  in  those  days,  and  repeated  before  him 
his  beautiful  experiments  on  magneto-optic  action.  Faraday  repeated 
and  verified  Pliicker's  observations,  and  concluded,  what  he  at  first 
seemed  to  doubt,  that  Pliicker's  results  and  laagno-crystallic  action 
havo  the  same  origin. 

At  tlio  end  of  his  papers,  when  he  takes  a  last  look  along  the  line 
of  research,  and  then  turns  bis  eyes  to  the  futuro,  utterances  quite  as 
much  emotional  as  scientific  escape  from  Faraday.  "  I  cannot,"  ho 
says,  ut  the  end  of  his  first  paper  on  nuifiiiu-crystallie  action,  ':  conclude 
this  series  of  researches  without  remarking  how  wqnMly  the  knowledge 
of  molecular  forces  grows  upon  us,  and  how  strikingly  every  investi- 
gation tends  to  develop  more  anil  more  tboir  importance,  and  tbetr 
extreme  attraction  us  an  object  of  study.  A  few  years  ago  magnetism 
was  to  us  an  occult  power,  atTcdii'ig  'inly  a  few  bodies,  now  it  is  found 
to  influence  all  bodies,  and  to  possess  the  most  intimate  relations  with 
electricity,  heal,  chemical  action,  li^lit,  crystallization,  and  through  it, 
with  the  forces  concerned  iu  cohesion ;  and  we  may,  in  the  present 
state  of  things,  well  feel  urged  to  enntinuo  in  our  labours,  encouragud 
by  tbo  hope  of  bringing  it  into  a  bond  of  union  with  gravity  itself.*' 

Supplementary  Remarks. 
A  brief  space  will,  perhaps,  be  granted  me  hero  to  state  the 
further  progress  of  an  investigation  which  interested  Faraday  so  mnch. 
Drawn  by  the  fame  of  Bunsen  as  a  teacher,  in  the  year  1818  I  became 
a  student  in  the  University  of  Marburg,  in  Hesse-Cassel.  Bunsen 
behaved  to  me  as  a  brother  as  well  as  a  teacher,  and  it  was  also 
my  happiness  to  make  tbo  acquaintance  and  gain  the  friendship  uf 
Professor  Knoblauch,  so  highly  distinguished  by  his  researches  on 
Radiant  Heat.  Pliicker's  and  Faraday's  investigations  filled  all  minds 
at  the  time,  and  towards  the  end  of  184'J,  Professor  Knoblauch  and 


myself  commenced  a  joint  investigation  of  the  entire  question.  Long 
discipline  was  necessary  to  give  qb  due  mastery  over  it.  Employing 
■  method  proposed  by  Dove,  wo  examined  tho  optical  properties  of 
our  crystals  ourselves;  and  then  optical  111  ill  MlidHy  went  Loud  in 
hand  with  our  magnetic  experiments.  The  number  of  these  experi- 
ments was  very  great,  bat  for  a  considerable  time  no  fact  of  importance 
one  added  to  those  already  published.  At  length,  however,  it  was 
onr  fortnne  to  meet  with  various  crystals  whoso  deportment  could  not 
lw  brought  under  the  laws  of  magne-cry stall ic  action  enunciated  by 
Pliictcr.  Wo  also  discovered  instances  which  led  ns  to  suppose  that 
tho  magno-crystallic  force  was  by  no  moans  independent,  as  alleged, 
of  tho  magnetism  or  diamagnetisin  of  the  mass  of  the  crystal.  Indeed, 
the  more  we  worked  at  the  subject,  the  nun  ilemly  did  it  appear  to 
at  that  the  deportment  of  crystals  in  the  magnetic  field  was  due,  not 
to  a  force  previously  unknown,  but  to  the  modification  of  the  known 
forces  of  magnetism  and  diamagnetisin  by  crystalline  aggregation. 

An  eminent  example  nf  magna  nrjiUlliii  Motion  ■ddnoeq  by  Pliicker 
and  experimented  on  by  Faraday,  was  Iceland  spar.  It  is  what  in  optics 
is  called  a  negative  crystal,  and  according  to  tho  law  of  Pliicker,  the 
axis  of  each  a  crystal  was  always  repelled  by  a  magnet.  But  wo 
showed  that  it  was  ouly  necessary  to  substitute,  in  whole  or  in  part, 
carbonate  of  iron  for  carbonate  of  lime,  thus  changing  the  magnetic 
bat  not  the  optical  character  of  tho  crystal,  to  cause  tho  axis  to  be 
attracted.  That  the  deportment  of  magnetic  crystals  is  exactly  anti- 
thetical to  that  of  diamngnetic  crystals  isomorphism  with  the  magnetic 
ones,  was  proved  to  be  a  general  law  of  action.  In  all  cases,  the  lino 
whicit  in  a  diamagnctic  crystal  set  eons  tori  ally,  always  sot  itself  in 
an  isoroorphous  magnetic  crystal  anally.  By  mechanical  compression 
other  bodies  were  alsn  made  to  imitate  the  Iceland  spar. 

These  and  numerous  other  results  bearing  upon  the  question  wore 
1  at  the  time  in  tho  '  Philosophical  Magazine  '  and  in  '  Pog- 
gvndoff'a  Annalou  ; '  and  the  investigation  of  diamagnetism  and  magne- 
crystidlic  action  was  subsequently  continued  by  me  in  the  laboratory 
of  Professor  Magnus  of  Berlin.  In  December,  1851,  aftor  I  had 
quitted  Germany,  Dr.  Bence  Jones  went  to  the  Prussian  capital  to 
see  the  celebrated  experiments  f.f  Du  Beds  Beymond  :  and  influenced, 
I  suppose,  by  what  he  heard,  he  afterwards  invited  me  to  give  a 
Friday  evening  discourse  at  the  Boys!  Institution.  I  consented,  not 
without  four  and  trembling.  For  the  Boy*]  Institution  was  to  mo  a. 
Wind  «f  dragon's  fan,  where  tact  and  strength  woidd  be  necessary  to 
sere  nut  from  destruction.  On  February  11,  1853,  the  discourse  was 
ginn,  and  it  ended  happily.  I  allude  to  those  things  that  I  may 
mention  that  though  my  aim  and  object  in  that  lecture  was  to  subvert 
the  notions  both  of  Faraday  and  Pliicker,  and  to  establish  in  oppo- 
sition to  their  views  what  I  regarded  ns  the  truth,  it  was  very  far 
from  producing  in  Faraday  either  enmity  or  anger.  At  the  oon- 
rl  union  of  tho  lecture,  he  quitted  his  accustomed  seat,  crossed  tho 
theatre  to  the  corner  into  which  I  had  shrunk,  shook  mo  by  the  hand, 


and  brought  me  buck  to  the  table.  Oneo  more,  subsequently,  and  in 
connection  with  a  related  question,  I  ventured  to  differ  from  him  still 
more  emphatically.  It  was  done  out  of  trust  in  the  greatness  of  his 
character;  nor  was  the  trust  misplaced.  Ho  folt  my  public  dissent 
from  him ;  and  it  pained  mo  afterwards  to  tho  quick  to  think  that  I 
had  given  him  evon  momentary  annoyance.  It  was,  however,  only 
momentary.  His  soul  was  above  all  littleness  and  proof  to  all 
egotism.  Ho  was  tho  same  to  me  afterwards  that  he  had  been  before ; 
the  very  chance  expression  which  led  me  to  conclude  that  he  felt  my 
dissent  being  one  of  kindness  and  affection. 

It  required  long  subsequent  effort  to  subdue  the  complications 
of  magnc-crystallic  action,  and  to  bring  under  the  dominion  of  ele- 
mentary principles  the  vast  mass  of  fuels  which  tho  experiments  of 
Faraday  and  PI  acker  bad  brought  to  light.  It  was  proved  by  Eeich, 
Edmond  Beequorel,  and  myself,  that  the  condition  of  diamagnetic 
bodies  in  virtue  of  which  they  were  repelled  by  tho  poles  of  a  magnet, 
was  excited  in  them  by  those  poles  ;  that  tho  strength  of  this  condition 
rose  and  fell  with,  and  was  proportional  to,  the  strength  of  tho  acting 
magnet.  It  was  not  then  any  property  possessed  permanently  by  the 
bismuth,  and  which  merely  required  the  development  of  magnetism  to 
act  upon  it,  that  caused  the  repulsion,  for  then  the  repulsion  would 
have  been  simply  proportional  to  the  strength  of  the  influencing 
magnet,  whereas  experiment  proved  it  to  augment  as  tho  square  of 
tho  strength.  Tho  capacity  to  bo  repellod  was  therefore  not  inhe- 
rent in  the  bismuth,  hut  induced.  So  for  an  identity  of  action  was 
established  bet  ween  magnetic  and  diamagnetic  bodies.  After  this  the 
deportment  of  magnetic  bodies,  "  normal  "  and  "  abnormal,"  crystal- 
lino,  amorphous,  and  compressed,  was  eoni]mred  with  that  of  crystal- 
line, amorphous,  and  oompri  Med  diamagneiiG  bodies  ;  and  by  a  series 
of  experiments,  executed  in  the  laboratory  of  this  Institution,  tbe  most 
complete  antithesis  was  established  between  magnetism  and  diamag- 
netism.  This  antithesis  embraced  the  quality  of  polarity, — the  theory 
of  rover  Bed  polarity,  first  propounded  by  Faraday,  being  proved  to  be 
true.  The  discussion  of  tho  question  was  very  brisk.  On  the  conti- 
nent Professor  Wilholm  Weber  was  tho  ablest  and  most  successful 
supporter  of  the  doctrine  of  diamagnetic  polarity  ;  and  it  was  with  an 
apparatus,  devised  by  him  and  constructed  Under  his  own  superin- 
tendence, liv  Loyser  (if  Leipzig,  that  the  last  demands  of  the  oppo- 
nents of  diamagnetic  polarity  were  satisfied.  The  establishment  of 
this  point  was  absolutely  necessary  to  tho  explanation  of  magne- 
ervstitllic  action. 

With  that  admirable  instinct  which  always  guided  him,  Faraday  had 
soon  that  it  was  possible,  it'  not  probable,  that  the  diamagnetic  force 
acts  with  different  degrees  of  intensity  in  different  directions,  through 
tho  mass  of  a  crystal.  In  his  studies  on  electricity  he  had  sought  an 
experimental  reply  to  the  question  whether  crystalline  bodies  bad  not 
different  specific  inductivo  capacities  in  different  directions,  but  ho 
foiled  to  establish  any  difference  of  tho  kind.     His  first  attempt  to 
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establish  differences  of  diamagnetie  action  in  different  directions 
through  bismuth,  ms  also  a  failure :  hut  he  must  have  felt  this  to 
be  a  point  of  cardinal  importance,  for  ho  returned  to  the  subject  in 
1850,  and  proved  that  bismuth  was  repelled  with  different  degrees  of 
force  in  different  directions.  It  seemed  as  if  the  crystal  wore  com- 
pounded of  two  diamagnetie  bodies  of  diU'en  nt  strengths,  the  substance 
being  more  strongly  repulled  across  the  niagne-cry  studio  axis  than 

1'Iie  same  result  WM  obtained  independently,  and  extended  to 
various  other  bodies,  magnetic  as  well  as  diainagnetie,  anil  also  to  com- 
pressed substances,  a  little  suWijuently  by  myself.  The  law  of  action 
in  relation  to  this  point  is,  that  in  diainagnetie  crystals,  the  lino  along 
which  the  repulsion  is  a  maximum,  sets  c<i  11  a  tonally  in  the  magnetic 
tn  11:  while  in  magnetic  crystals  the  line  along  which  tbo  attraction 
is  a  maximum  sets  from  pole  to  pole.  Faraday  had  said  that  the 
nxagne-crystsllic  force  was  ueither  attraction  nor  repulsion.  Thus  far 
he  was  right.     It  was  neither,  taken  singly,  but  it  teas  both.     By  the 

11  of  the  doctrine  of  diainagnetie  polarity  with  these  dif- 
ferential attractions  and  repulsions,  and  by  paying  due  regard  to  the 
character  of  the  magnetic  field,  emrf  fact  brought  to  light  in  the 
domain  of  maguo-crystallie  action  received  complete  explanation. 
Tbo  most  perplexing  of  those  facts  were  shown  to  result  from  tho 
action  of  mechanic-id  couples,  which  tbo  proved  polarity  both  of  mag- 
m-tisin  and  diamagnetisui  brought  into  play.  Indeed  the  thoroughness 
with  which  the  experiments  of  Faraday  were  thus  explained,  is  the 
most  striking  possible  demonstration  of  the  marvellous  precision  with 
which  they  were  executed. 


Magnetism  of  Flame  and  Gages :  Atmotpherie  Magnetism. 

Whcu  an  experimental  result  was  obtained  by  Faraday  it  was 
instantly  enlarged  by  his  imagination.  I  am  acquainted  with  no  mind 
whose  power  and  suddenness  of  expansion  nt  the  touch  of  now  physi- 
cal truth  could  l>e  ranked  with  his.  Sometimes  I  have  compared  tho 
action  of  his  experiments  on  his  mind  to  that  of  highly  combustible. 
matter  thrown  into  a  furnace  :  every  fresh  entry  of  fact  was  accom- 
panied by  the  immediate  development  of  light  and  heat.  The  light, 
which  was  intellectual,  enabled  him  to  see  far  beyond  tho  boundaries 
of  the  fact  itself,  and  the  heat,  which  was  emotional,  urged  him  to  tho 
.  1"  this  newly-revealed  domain.  But  though  the  force  of  his 
imagination  was  enormous,  he  bridled  it  liko  a  mighty  rider,  and  never 
permitted  his  intellect  to  he  overthrown. 

In  virtue  of  tho  oxpansivo  power  which  his  vivid  imagination 
conferred  upon  him,  he  rose  from  the  smallest  beginnings  to  the 
grandest  ends.  Having  beard  from  Znntedeschi  that  Bauealari  had 
established  the  magnetism  of  name,  ho  repeated  the  experiments  and 
augmented  tho  results.  He  passed  from  jinnies  to  guaes,  examining  and 
•wealing  their  magnetic  and  dianiagiietic  powers  ;   and  then   he  sud- 
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denly  rose  from  his  bubbles  of  oxygen  and  nitrogen  to  the  atmospheric 
envelope  of  tho  earth  iteelf,  and  its  relations  to  the  great  question  of 
terrestrial  magnetism.  The  rapidity  with  which  these  ever-augment- 
ing thoughts  assumed  the  form  of  experiments  is  unparalleled.  11  is 
power  in  this  respect  is  often  best  illustrated  by  his  minor  inves- 
tigations, and,  perhaps,  by  none  more  atrilringly  than  by  his  paper 
"On  the  Diamagiii-tie  Condition  of  Flame  and  Gases,"  published 
as  a  letter  to  Mr.  Richard  Taylor,  in  'The  Philosophical  Magazine" 
for  December,  1847.  Alter  verifying,  varying,  and  expanding  tbo 
results  of  Biincalari,  ho  submitted  to  examination  heated  air-currents, 
produced  by  platinum  spirals,  placed  in  the  magnetic  field,  and 
raised  to  incandescence  by  electricity.  Ho  then  examined  the  mag- 
netic deportment  of  goeos  generally.  Almost  all  of  these  gases  are 
invisible;  bnt  ho  must,  nevertheless,  track  them  in  their  unseen 
courses.  Ho  could  nut  effect  this  by  mingling  smoke  with  hie  gases, 
for  the  action  of  his  magnet  upon  the  smoke  would  have  troubled  his 
conclusions.  He,  therefore,  "caught"  his  gases  in  tubes,  carried 
them  out  of  the  magnetic  field,  and  made  them  reveal  themselves  at  a 
distance  from  the  magnet. 

Immersing  ono  gas  in  another,  ho  determined  their  differential 
action  ;  results  of  the  utmost  beauty  being  thus  arrived  at.  Perhaps 
the  most  important  are  those  obtained  with  atmospheric  sir  and 
its  two  constituents.  Qjygmt,  in  various  media,  was  strongly  attracted 
by  the  magnet ;  in  coal-gas,  for  examplo,  it  was  powerfully  magnetic, 
whereas  nitrogen  was  diamagnctic.  Some  of  the  effects  obtained 
with  oxygen  in  coal-gas  were  strikingly  beautiful.  When  the  fumes 
of  chloride  of  ammonia  (n  diamagnetic  substance)  were  mingled 
with  the  oxygen,  the  cloud  of  chloride  behaved  in  a  most  singular 
manner: — "  The  attraction  of  iron  filings,"  says  Faraday,  " to  a  mag- 
netic polo  is  not  more  striking  than  the  appearance  presented  by 
the  oxygen  under  these  circumstance?."  On  observing  this  doportmeut 
the  question  immediately  occurs  to  him, — Can  wo  not  separate  the 
oxygen  of  the  atmosphere  from  its  nitrogen  by  magnetic  analysis? 
It  is  the  perpetual  occurrence  of  such  questions  that  marks  the  great 
experimenter.  The  attempt  to  analyze  atmospheric  air  by  magnetic 
force  proved  a  failure,  like  tliu  previous  attempt  to  influence  crystal- 
lization by  the  magnet.  The  enormous  comparative  power  of  the  force 
of  erystalli nation  was  then  assigned  as  a  reason  for  the  incompetence 
of  the  magnet  to  determine  molecular  arrangement :  in  the  present  in- 
stance the  magnetic  analysis  is  opposed  by  the  force  of  diffusion,  which 
is  also  very  strong  comparatively.  The  same  remark  applies  to,  and  is 
illustrated  by,  another  experiment  subsequently  executed  by  Faraday. 
Water  is  diunni^netie,  sulphate  uf  iron  strnnglv  magnetic.  He  enclosed 
"a  diluto  solution  of  sulphate  of  iron  in  a  tube,  and  placed  tho  lower 
end  of  the  tube  between  the  pules  of  a  powerful  horseshoe  magnet  for 
days  together,"  but  ho  could  produce  "  no  concentration  of  the  solu- 
tion in  tho  part  near  the  magnet."  Here  alsn  the  diflusibility  of  the 
salt  was  too  powerful  for  the  force  brought  against  it, 
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The  experiment  last  referred  to  is  recorded  in  a  paper  presented 
to  the  Royal  Society  on  tba  2nd  of  August,  1850,  in  which  he  pursues 
the  investigation  of  the  magnetism  of  gases.  Newton 's  observations  on 
& .»ip- bubbles  were  often  referred  to  by  Faraday.  His  delight  in  a  soap- 
babble  was  like  that  of  a  boy,  and  he  often  introduced  them  in  his 
lectures,  causing  them,  when  filled  with  air,  to  float  on  invisible  seas  of 
carbonic  acid,  and  otherwise  employing  them  as  means  of  illustration. 
Ho  now  finds  them  exceedingly  useful  in  his  experiments  on  the  mag- 
netic condition  of  gases.  A  bubble  of  air  in  a  magnetic  field  occupied 
by  air  was  unaffected,  save  through  the  feeble  repulsion  of  its  envelope. 
A  babble  of  nitrogen,  on  the  coniniy,  mi  rsoelled  from  the  magnetic 
axis  with  a  force  far  surpassing  that  of  a  bubble  of  air.  The  deport- 
meat  of  oxygen  in  air  "  was  very  impressive,  the  bubble  being  pulled 
inward,  or  towards  the  axial  line,  sharply  and  suddenly,  as  if  the  oxy- 
gon were  highly  magnetic." 

Ho  next  labours  to  establish  the  true  magnetic  zero,  a  problem 
not  so  easy  as  might  at  first  sight  be  imagined.  For  the  action 
of  the  magnet  upon  any  gas,  while  surrounded  by  air,  or  any  other 
gas,  can  only  be  differential ;  and  if  the  experiment  were  made  in 
vacuo,  the  action  of  the  envelope,  in  this  case  necessarily  of  a  certain 
thickness,  would  trouble  the  result.  While  dealing  with  this  subject 
Faraday  makes  some  note-worthy  observations  regarding  space.  In 
reference  to  the  Torricellian  vacuum,  he  says,  "  Perhaps  it  is  hardly 
necessary  for  me  to  state  that  I  find  both  iron  and  bismuth  in  such  vacua, 
perfectly  obedient  to  tho  magnet.  From  such  experiments,  and  also 
from  general  observations  and  knowledge,  it  seems  manifest  that  the 
lines  of  magnet  i>-  force  tan  traverse  pure  space,  just  as  gravitating  force 
does,  and  as  statical  electrical  forces  do,  and  therefore  space  has  a  mag- 
netic relation  of  its  own,  and  one  that  we  shall  probably  find  hereafter 
to  be  of  the  utmost  importance  in  natural  phenomena.  But  this  cha- 
t  of  space  is  not  of  the  same  kind  as  that  which,  in  relation  to 
-,  we  endeavour  to  express  by  the  terms  magnetic  and  diainag- 
To  confuse  these  together  would  be  to  confound  space  with 
■,  and  to  trouble  all  tho  conceptions  by  which  we  endeavour  to 
jtand  and  work  out  a  progressively  clearer  viow  of  tholmodo  of 
action,  and  the  laws  of  natural  forces.  It  would  be  as  if  in  gravitation 
■  forces,  one  were  to  confound  the  particles  acting  on  each 
other  with  the  space  across  which  they  are  acting,  and  would,  I  think, 
shut  the  door  to  advancement.  Mere  space  cannot  act  as  matter  acts, 
even  though  the  utmost  latitude  bo  allowed  to  the  hypothesis  of  an 
ether;  and  admitting  that  hypothesis,  it  would  be  a  largo  additional 
assumption  to  suppose  that  the  lines  of  magnetic  force  are  vibrations 
carried  on  by  it,  whilst  as  yot  wo  have  no  proof  that  time  is  required 
f  k  their  propagation,  or  in  what  respect  they  may,  in  general  character, 
assimilate  to  or  differ  from  the  respective  lines  of  gravitating  luniini- 
feroae  or  oloctric  forces." 

Pure  apace  he  assumes  to  be  the  true  magnetic  zero,  but  he  pushes 
his  inquiries  to  ascertain  whether  among  material  substances  thero 


may  not  be  somo  whicli  resemble  space.  If  yon  follow  bis  experi- 
ments you  will  soon  emerge  into  tlie  light  of  his  results.  A  torsion 
beam  was  suspended  by  a  skein  of  cocoon  silk :  at  one  end  of  the 
beam  was  fixed  a  cross-piece  1£  inches  long.  Tubes  of  exceedingly  thin 
gloss,  filled  with  various  gases,  and  hermetically  sealed,  were  sus- 
pended in  pairs  from  the  two  ends  of  the  cross-piece.  The  position 
of  the  rotating  torsion  head  was  such  that  the  two  tubes  wore  at  oppo- 
site sides  of,  and  equidistant  from,  the  magnetic  axis,  that  is  to  say 
from  the  line  joining  the  two  closely  approximated  polar  points  of  an 
electro  magnet.  Ilis  object  was  to  compare  the  magnetic  action  of 
the  gases  in  the  two  tubes.  When  one  tube  was  filled  with  oxygen, 
and  the  other  with  nitrogen,  on  the  supeiTentiou  of  the  magnetic 
force,  tho  oxygen  was  pulled  towards  the  axis,  the  nitrogen  being 
pushed  out.  By  turning  the  torsion  head  they  could  bo  restored  to 
their  prhaitivo  position  of  equidistance,  where  it  is  evident  the 
action  of  the  glass  envelopes  was  annulled.  The  amount  of  torsion 
necessary  to  re-establish  equidistance,  expressed  the  magnetic  differ- 
ence of  the  substances  compared. 

And  then  he  compared  oxygon  with  oxygen  at  different  pressures. 
Ono  of  his  tubes  contained  the  gas  at  the  pressure  of  30  inches  of 
mercury,  another  at  a  pressure  of  15  inches  of  mercury,  a  third  at  a 
pressure  of  10  inches,  while  a  fourth  was  exhausted  as  far  as  a  good 
air-pump  renders  exhaustion  possible.  "  When  the  first  of  these  was 
compared  with  the  other  three,  the  effect  was  most  striking."  It  was 
drawn  towards  the  axis  when  the  magnet  was  excited,  the  tube  con- 
taining the  raror  gas  being  apparently  driven  away,  and  the  greater 
tho  difference  between  the  densities  of  tho  two  gases,  the  greater  wis 
tho  energy  of  this  action. 

And  now  observe  his  mode  of  reaching  a  material  magnetic  zero. 
When  a  bubble  of  nitrogen  wsis  exposal  in  air  in  the  magnetic  field,  on 
tho  supervention  of  the  power,  the  bubble  retreated  from  tho  magnet. 
A  less  ucuto  observer  would  have  sot  nitrogen  down  as  dianiagnotic ; 
but  Faraday  know  that  retreat  in  a  medium  composed  in  part  of 
oxygen  might  bo  due  to  the  attraction  of  the  latter  gas,  instead  of  to 
tho  repulsion  of  tho  gas  immersed  in  it.  But  if  nitrogen  be  really 
diamagnetie,  then  a  bubble  or  bulb  filled  with  the  dense  gas  will  over- 
come one  filled  with  tho  rarer  gas,  Frum  the  cross-pioeo  of  his 
^orei  on -balance  he  suspended  lus  bulbs  of  nitrogen,  at  equal  distances 
from  tho  magnetic  axis,  and  found  that  the  rarefaction,  or  tho  conden- 
sation of  the  gas  in  cither  of  the  bulbs  had  net  the  slightest  infltimno 
When  tho  magnetic  force  was  developed,  the  bulbs  remained  in  their 
first  position,  even  when  one  was  filled  with  nitrogen,  nud  the  other  as 
far  as  possible  exhausted,  Nitrogen,  in  fact,  acted  "  like  space  itself;" 
it  was  neither  magnetic  nor  diomagnotic. 

He  cannot  conveniently  compare  tho  paramagnetic  force  of  oxygen 
with  iron,  in  consequence  of  tho  exceeding  magnetic  intensity  of 
the  latter  substance  ;  but  ho  does  compare  it  with  the  sulphate  of 
iron,  and  finds  that,  bulk  for  bulk,  oxygen  is  equally  magnetic  with 
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a  Eolation  of  this  substance  in  water  "  containing  seventeen  times 
the  weight  of  the  oxygen  in  crystallized  proto-nnlphato  of  iron,  or 
3*4  times  its  weight  of  metallic  iron  in  that  state  of  combination." 
By  iU  capability  to  deflect  ■  fine  glass  fibre,  he  finds  that  the  attraction 
of  his  bulb  of  Oxygon,  containing  only  0-117  of  a  grain  of  the  gas, 
at  an  average  distance  of  more  than  an  inch  from  tln.>  magnetic  axis, 
is  about  equal  to  the  gravitating  force  of  the  same  amount  of  oxygen 
as  expressed  by  its  weight. 

These  facts  could  not  rest  for  on  instant  in  the  mind  of  Faraday 
without  receiving  that  expansion,  to  which  I  have  already  referred. 
^  It  is  hardly  necessary,"  be  writes, '"  for  me  to  say  hero  that  this  oxygen 
cannot  exist  in  the  atmosphere  exerting  such  a  remarkable  and  high 
amount  of  magnetic  force,  without  having  a  most  Important  influence 
on  the  disposition  of  the  magnetism  of  the  earth,  as  a  planet ;  especially, 
if  it  be  remembered  that  its  magnetic  condition  is  greatly  altered  by 
variations  of  its  density  and  by  variations  of  its  temperature.  I 
think  I  see  hero  the  real  eonse  of  many  of  the  variations  of  that  force, 
which  have  been,  and  are  now  bo  carefully  watched  on  different  parts 
of  the  surface  of  the  globe,  Tho  daily  variation,  and  the  annual  variu- 
;  -L'Lm  likely  to  come  under  it ;  also  very  many  of  tho  irre- 
gular continual  variations,  which  the  photographie  process  of  rocord 
renders  so  beautifully  manifest.  If  such  expectations  bo  confirmed, 
and  the  influence  of  the  atmosphere  lie  found  able  to  produce  results 
like  these,  then  we  shall  probably  find  a  now  relation  between  tho 
aurora  borealis  and  the  magnetism  of  tho  earth,  namely,  a  relation 
established,  more  or  less,  through  the  air  itself  in  connection  with  tho 
sjswe  above  it ;  and  oven  magnetic  relations  and  variations,  which  are 
not  as  yet  suspected,  may  be  suggested  aud  rendered  manifest  and 
mensurable,  in  the  further  development  of  what  I  will  venture  to  call 
Atmospheric  Maanelitin.  I  may  bo  ovcr-sangmno  in  these  expectations, 
but  as  yet  I  am  sustained  in  them  by  the  apparent  roality,  simplicity, 
and  sufficiency  of  the  cause  assumed,  as  it  at  present  appears  to  my 
mind.  As  soon  as  I  havo  submitted  these  views  to  a  close  considera- 
I  (lie  tost  of  accordance  with  observation,  and,  whore  appli- 
cable, with  experiments  also,  I  will  do  myself  the  honour  to  bring 
thorn  before  the  Royal  Society." 

Two  elaborate  memoirs  are  then  devoted  to  tho  subject  of  Atmo- 
spheric Magnetism;  the  first  sent  to  the  Royal  Society  on  the  'Jth 
!-,  and  the  second  on  the  19th  of  November,  1850.  In  these 
memoirs  ha  discusses  tho  effects  of  beat  and  cold  upon  tho  magnetism 
of  the  air,  and  the  action  on  the  magnetic  needle,  which  must  result 
from  thermal  changes.  By  the  convergence  and  rtivcrgouca  of  tho 
lines  of  terrestrial  magnetic  force,  he  shows  how  the  distribution  of 
magnetism,  in  the  earth's  atmosphere,  is  affected.  He  applies  his  rc- 
sulu  to  the  explanation  of  the  annual  and  of  the  diurnal  variation  :  he 
also  considers  irregular  variations,  including  the  action  of  magnetic 
storms.  He  discusses,  at  length,  the  observations  at  St,  Petersburg, 
Greenwich,  Hobarton,  St.  Helena,  Toronto,  aud  the  Cope  of  Good 
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Hope ;  believing  that  the  facte,  revealed  by  his  experiments,  famish 
tbe  key  to  the  variations  observed  lit  all  those  places. 

In  tbe  year  1851  I  bad  tbe  honour  of  on  interview  with  Humboldt 
in  Berlin,  and  his  parting  words  to  me  then  were,  "  Tell  Faraday  that 
I  entirely  agree  with  him,  and  that  bo  has,  in  my  opinion,  completely 
explained  the  variation  of  tbe  declination."  Eminent  men  have  since  ii 
formed  me  that  Humboldt  was  hasty  in  expressing  tin's  opinion.  In  fac 
Faraday's  memoirs  en  atmospheric  magnetism  lost  much  of  their  force 
— perhaps  too  much — through  the  important  discovery  of  the  re- 
lation of  tbe  variation  of  the  declination  to  tbe  number  of  the  solar 
Bpots.  But  I  agree  with  him  and  M.  Edmoiid  Bcequcrel,  who  worked 
independently  ut  llii^  subject,  in  thinking  that  a  body  bo  magnetic  as 
oxygen,  swathing  tbe  earth,  and  subject  to  variations  of  temperature, 
diurnal  and  annual,  must  affect  the  manifestations  of  terrestrial  mag- 
netism.* The  air  that  stands  upon  n  single  square  foot  of  the 
earth's  surface  is,  according  to  Faraday,  the  equivalent  in  magnetic 
force  to  81C011«.  of  erystiillized  proli'i-wilphutu  of  iron.  Such  a 
substance  cannot  be  absolutely  neutral  as  regards  the  deportment  of 
the  magnotic  needle.  But  Faraday's  writing!  on  Ibis  subject  are  so- 
voluminous,  and  the  theoretic  points  are  so  novel  and  intricate,  that 
I  shall  postpone  tbe  complete  analysis  of  these  researches  to  a  time 
when  I  can  lay  bold  of  them  more  completely  than  my  other  duties 
allow  nk:  to  do  now. 


Speculations:  Nature  of  Mailer  :  Lines  of  Force. 

The  scientific  picture  of  Faraday  would  not  be  complete  without 
a  reference  to  his  speculative  writings.  On  Friday,  January  19, 
1844,  he  opened  tbe  weekly  evormig-iiR't.' tings  of  the  Royal  Institution 
by  a  discourse  entitled  "A  specula  linn  touching  Electric  Conduction 
and  the  nature  of  Matter."  In  this  discourse  he  not  only  attempts 
the  overthrow  of  Dal  ton's  Theory  of  Atoms,  but  also  the  subversion 
of  all  ordinary  scuntilk-  ideal  ivgitnling  tho  nature  and  relations  of 
Matter  and  Force.  He  objected  to  the  use  of  the  term  atom  : — "  I 
have  not  yet  found  a  mind,"  he  says,  "  that  did  habitually  separate  it 
from  its  accompanying  temptations :  and  there  can  l>o  no  doubt  that 
the  words  definite  proportions,  equivalent,  primes,  Ac.,  which  did  and 
do  fully  express  all  the  facts  of  what  is  usually  called  tho  atomic 
theory  in  chemistry,  were  dismissed  because  they  were  not  exprossive 
enough,  and  did  not  say  all  that  was  in  tho  mind  of  him  who  used 
the  word  atom  in  their  stead." 

A  moment  will  be  granted  me  to  indicate  my  own  view  of  Faraday's 
position  horc,  Tho  word  "  atom"  was  not  used  in  the  stead  of  definite 
proportions,  equivalents,  or  primes.     These  terms  represented  facts 
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that  followed  from,  but  were  not  equivalent  to  the  atomic  theory. 
Facts  cannot  satisfy  the  mind :  and  the  law  of  definite  combining 
proportions  being  once  established,  the  question  "  why  should  com- 
bination take  place  according  to  that  law  ?  "  is  (Heritable.  Dalton 
answered  this  question  by  the  enunciation  of  the  Atomic  Theory,  the 
fundamental  idea  of  which  is,  in  my  opinion,  perfectly  secure.  The 
objection  of  Faraday  to  Dalton  might  be  urged  with  the  same  sub- 
stantial force  against  Newton  :  it  might  be  stated  with  regard  to  the 
planetary  motions  that  the  laws  of  Kepler  revealed  the  facto  ;  that 
the  introduction  of  the  principle  of  gravitation  was  an  addition  to  the 
facts.  But  this  is  the  essence  of  all  theory.  The  theory  is  tho  back- 
ward guess  from  fact  to  principle ;  the  conjecture,  or  divination  re- 
garding something,  winch  lies  behind  the  facts,  and  from  which  they 
now  in  necessary  sequence.  If  Dalton 's  Iheory  then  account  for  the 
definite  proportions  observed  in  the  combinations  of  chemistry,  its 
justification  rests  upon  the  same  basis  as  that  of  the  principle  of 
gravitation.  All  that  can  in  strictness  be  said  in  either  case  is  that 
the  facts  occur  a»  if  the  principle  existed. 

The  manner  in  which  Faraday  himself  habitually  deals  with  his 
hypotheses  is  revealed  in  this  lecture.  He  incessantly  employed  them 
to  gain  experimental  ends,  but  he  incessantly  took  them  down,  as  an 
architect  removes  the  KiMit'uhling  when  tin:  idiiin:  is  complete.  "1 
cannot  but  doubt,"  he  says,  "  that  ho  who  as  a  mere  philosopher  Las 
most  power  of  penetrating  tho  secrets  of  nature,  ami  guetsimj  by  h/jio- 
theti*  at  her  mode  of  working,  will  also  be  most  careful  for  his  own 
safe  progress,  and  that  of  others,  to  distinguish  the  knowledge  which 
consists  of  assumption,  by  which  I  mean  theory  and  hypothesis,  from 
that  which  is  the  knowledge  of  facts  and  laws."  Faraday  himself, 
in  6tct,  was  always  "flMiHi|j  by  hypothesis,"  and  making  theoretic 
divination  the  stepping-stone  to  his  experimental  results. 

I  have  already  more  than  once  dwelt  on  tho  vividness  with  which 
he  realized  molecular  conditions :  we  have  a  fine  example  of  this 
strength  and  brightness  of  imagination  in  the  present  "  speculation." 
He  grapples  with  tho  notion  that  matter  is  made  up  of  particles,  not 
in  absolute  contact,  but  surrounded  by  interatomic  space.  "  Space," 
be  observes,  "must  be  taken  as  the  only  continuous  pari  of  a  body 
so  constituted.  Space  will  permeate  all  masses  of  matter  in  every 
direction  like  a  net,  except  that  in  place  of  meshes  it  will  form  cells, 
isolating  ench  atom  from  its  neighbours,  itself  only  being  continuous." 

Let  us  follow  out  tins  notion  ;  consider,  ho  argues,  the  case  of  a 
non-conductor  of  electricity,  such  for  example  as  shell-lac,  with  its 
molecules,  and  their  intcrmolecular  spaces  running  through  the  mass. 
In  its  case  space  must  bo  an  insulator ;  for  if  it  were  a  conductor  it 
would  resemble-  "a  fine  metallic  net*"  penetrating  tho  lac  in  every 
direction.  But  the  fact  is  that  it  resembles  the  wax  of  black  sealing- 
wax  which  surrounds  and  insnlates  the  particles  of  conducting  carbon, 
interspersed  throughout  its  mass.  In  the  case  of  sholl-lae,  therefore, 
tjmce  i*  nn  insulator. 
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But  now  tales  the  case  of  a  conducting  metal.  Here  we  have  as 
before,  the  swathing  of  space  round  every  atom.  If  space  be  an  in- 
Bulator  there  can  he  no  transmission  of  electricity  from  ntom  to  atom. 
Bat  thero  i's  transmission  ;  hence  xyace  U  a  conductor.  Thus  he  endea- 
vours to  hamper  tht;  atomic  theory.  "  Tlic  reasoning,"  he  says,  "  ends 
in  a  subversion  of  that  theory  altogether  ;  for  if  space  be  an  insulator 
it  cannot  exist  in  conducting  bodies,  and  if  it  he  a  conductor  it  cannot 
exist  in  insulating  bodies.  Any  ground  of  reasoning,"  he  adds,  as  if 
carried  away  by  the  ardour  of  argument,  "  which  tends  to  such  con- 
clusions as  these  must  in  itself  bo  false." 

Bio  then  tosses  tho  atomic  theory  from  horn  to  horn  of  his 
dilemmas.  What  do  wo  know,  ho  asks,  of  tho  atom  apart  from  its 
force?  Yon  imagine  a  nucleus  which  may  be  called  a,  and  surround 
it  by  forces  which  may  be  called  m ;  "to  my  mind  the  a  or  nucleus 
vanishes,,  and  the  suhstunce  consists  in  the  powers  of  m.  And  indeed 
what  notion  can  wo  form  of  the  nucleus  independent  of  its  powers  ? 
What  thought  remains  on  which  to  hang  the  imagination  of  an  a  in- 
dependent of  the  acknowledged  forces."  Like  Boscovich  he  abolishes 
the  atom  and  puts  a  "  centre  of  force"  in  its  place. 

With  his  usual  courage  and  sincerity  he  pushes  his  viow  to  its 
utmost  consequences.  "  This  view  of  the  constitution  of  matter,"  he 
continues,  "  would  seem  to  involve  necessarily  the  conclusion  that 
matter  fills  all  space,  or  at  least  all  spaco  to  which  gravitation  extends; 
for  gravitation  is  a  property  of  matter  dependent  on  a  certain  force, 
and  it  is  this  force  which  constitutes  tho  matter.  In  that  viow  matter 
is  not  merely  mutually  penetrable  ;*  hut  each  atom  extends,  so  to  say, 
throughout  the  whole  ef  the  solar  system,  yet  always  retaining  its 
own  centre  of  forco." 

It  is  the  operation  of  a  mind  filled  with  thoughts  of  this  profound, 
strange,  and  subtle  diameter  that  wo  have  to  take  ink)  account  in 
dealing  with  Faraday's  later  researches.  A  similar  cast  of  thought 
pervades  a  letter  addressed  by  Faraday  to  Mr.  Richard  Phillips,  and 
published  in  the  -  Philosophical  Magazine'  for  May,  1816.  It  is  on- 
titled  '  Thoughts  on  Ray- vibrations,'  and  it  contains  one  of  tho  most 
singular  speculations  that  ever  emanated  from  a  scientific  mind.  It 
must  be  remembered  here,  that  though  Faraday  lived  amid  such  specu- 
lations he  did  not  rate  thorn  highly,  and  that  he  was  prepared  at  any 
moment  to  change  them  or  let  them  go.  They  spurred  him  on,  bnt 
they  did  not  hampor  him.  Hi.s  theoretic  notions  were  Jliienl ;  and 
when  minds  less  plastic  than  his  own  attempted  to  render  those 
fliixional  images  rigid,  he  rebelled.  Ho  warns  Phillips,  moreover, 
that  from  first  to  last  "  he  merely  threw  out  as  matter  for  speculation 
tho  vague  impressions  of  his  mind  ;  for  he  gave  nothing  as  tho  result 
of  sufficient  consideration,  or  as  the  settled  conviction,  or  even  pro- 
bable conclusion  at  which  ho  had  arrived." 
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The  gist  of  this  communication  is  that  gravitating  forco  nets  in 
line*  across  apace,  and  that  the  vibrations  of  light  and  radiant  heat 
consist  in  the  tremors  of  these  tinea  of  force.  "  Thin  notion,"  he  says, 
-as  far  as  it  is  admitted,  will  dispense  with  the  other,  which,  in  an- 
other view,  is  supposed  to  be  the  medium  in  which  those  vibrations 
take  place."  And  ho  adds  further  on,  that  his  view  "  endeavours  to 
dismiss  the  ether  but  not  the  vibrations."  The  idea  here  Bet  forth  is 
the  natural  supplement  of  his  previous  notion  that  it  is  gravitating 
force  which  constitutes  matter,  each  atom  extending,  so  to  say,  through- 
out the  ■bote  of  the  solar  system. 

The  letter  to  Mr.  Phillips  winds  op  with  this  beautiful  conclu- 

"  I  think  it  likely  that  I  have  made  many  mistakes  in  the  preceding 
pages,  for  even  to  myself  my  ideas  on  thin  point  appear  only  us  the  shadow  of 
a  BjpcuLilion,  or  as  cue  of  those  impressions  upon  the  mind  which  are  allow- 
able for  a  time  as  guides  to  thought  and  research,  lie  who  labours  in  experi- 
mental inquiries,  knows  how  numerous  these  are,  and  how  often  their  apparent 
fitness  and  beauty  vanish  before  the  progress  and  development  of  real  natural 
truth." 

Let  it  then  be  remembered  that  Faraday  entertained  notions  re- 
garding matter  and  force  altogether  distinct  from  tho  views  generally 
held  by  scientific  men.  Force  seemed  to  him  an  entity  dwelling  along 
tho  lino  in  which  it  is  exerted.  The  lines  along  which  gravity  acte 
a  the  sun  and  earth  seem  figured  in  his  mind  as  so  many  elastic 
:  indeed  he  accepts  the  assumed  in  stall  tun  city  of  gravity  as 
i  of  tho  enormous  elasticity  of  tho  "  lines  of  weight.'' 
h  views,  fruitfid  in  tho  case  of  magnetism,  barren  as  yet  in  tho  easo 
vity,  explain  his  efforts  to  transform  this  latter  force.  When  ho 
nto  the  open  air  and  permits  his  helices  to  fall,  to  his  mind's 
bey  are  tearing  tlirough  the  lines  of  gravitating  power,  and 
s  his  hope  and  conviction  that  an  effect  would  and  ought  to  be 
produced.  It  must  ever  bo  borno  in  mind  that  Faraday's  difficulty 
in  dealing  with  these  conceptions  was  at  bottom  the  same  as  that  of 
Newton ;  that  he  is  in  fact  trying  to  overleap  this  difficulty,  and  with 
it  probably  the  limits  prescribed  to  the  intellect  itself. 

The  idea  of  lines  of  magnetic  force  was  suggested  to  Faraday  by 
the  linear  arrangement  of  iron  tilings  when  scattered  over  a  magnet. 
He  speaks  of  and  illustrate*  by  sketches,  the  deflection,  both  con- 
vergent and  divergent,  of  the  lines  of  force,  when  they  pass  respec- 
tively through  magnetic  and  diamaguetie  bodies.  These  notions  of 
ii'.n  ami  divergence  arc  also  based  on  the  direct  observation 
of  hie  filings.  So  long  did  he  brood  u]hiu  those  lines ;  so  habitually 
did  he  associate  them  with  Ids  experiments  on  induced  currents,  that 
the  association  bocamo  "  indissoluble,"  and  he  coidd  not  think  without 
them.  '•!  havo  been  so  accustomed,"  he  writes,  "to  employ  them, 
and  especially  in  my  last  researches,  that  I  may  have  unwittingly 
become  prejudiced  in  their  favour,  and  ceased  to  bo  n  clear-sighted 
judge.     Still,  I  have  always  endeavoured  to  make  experiment  tho  test 
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and  controller  of  theory  and  opinion;  but  neither  by  that  nor  by 
closo  cross-examination  in  principle,  have  I  been  made  aware  of  any 
error  involved  in  their  use." 

In  hia  later  researches  on  magnc-crystallir  action,  the  idea  of  lines 
of  forco  is  extensively  employed  ;  it  indeed  led  him  to  an  experiment 
which  lies  at  the  root  of  the  whole  question.  In  hie  subsequent  re- 
searches on  Atmospheric  Magnetism  the  idea  receives  still  wider  appli- 
cation, showing  itself  to  bo  wonderfully  flexible  and  convenient.  Indeed 
without  this  conception  the  attempt  to  seize  upon  the  magnetic  actions, 
possiblo  or  actual,  of  the  atmosphere  would  \«:  difficult  in  the  extreme; 
but  the  notion  of  lines  of  force,  and  of  their  divergence  and  conver- 
gence, guides  Faraday  without  perplexity  through  all  the  intricacies 
of  the  quostion.  After  the  completion  of  those  researches,  anil  in  a 
paper  forwarded  to  the  Royal  Society  on  the  2"2ud  of  October,  1851, 
lie  devotes  himself  to  the  formal  development  and  illustration  of  his 
favourite  idea.  The  pajjor  bears  the  title  "  On  Hues  of  magnetic  force, 
their  definite  character,  and  their  distribution  within  a  magnet  and 
through  space."  A  deep  reflectiveness  is  the  characteristic  of  thrB 
memoir.  In  his  experiments,  which  are  perfectly  beautiful  and  pro- 
foundly suggestive,  ho  takes  but  a  secondary  delight.  His  object  is 
to  illustrate  the  utility  of  his  conception  of  Lines  of  force.  "The 
study  of  these  lines,"  ho  soys,  "has  at  different  times  been  greatly 
influential  in  leading  me  to  various  results  which  I  think  prove  their 
utility  as  well  as  fertility." 

Faraday  for  a  long  period  used  tho  lilies  of  force  merely  as  "a 
representative  idea."  He  seemed  for  a  time  avcrso  to  going  further 
in  expression  than  the  lines  iliemsolvcs,  however  much  further  he  may 
have  gone  in  idea.  That  he  believed  them  to  exist  at  all  times  round 
a  magnet,  and  irrespective  of  the  existence  of  magnetic  matter,  such 
as  iron  filings,  external  to  the  magnet,  is  certain.  No  doubt  the  space 
round  every  magnet  presented  itself  to  bis  imagination  as  traversed 
by  loops  of  magnetic  power,  but  he  was  chary  in  speaking  of  the  phy- 
sical substratum  of  those  loops.  Indeed  it  may  be  doubted  whether 
tho  physical  theory  of  lines  of  force  presented  itself  with  any  distinct- 
ness to  his  own  mind.  Tho  possible  complicity  of  the  luminiferous 
ether  in  magnetic  phenomena  was  certainly  in  his  thoughts.  "How 
tho  magnetic  force,"  ho  writes,  "  is  transferred  through  bodies  or 
through  space  wo  know  not ;  whether  the  result  is  merely  action  at  a 
distance,  as  in  the  ease  of  gravity ;  or  by  some  intermediate  agency, 
as  in  the  ease  of  light,  heat,  the  electric  current,  and  (as  I  believe) 
static  electric  action.  The  idea  of  magnetic  fluids,  as  applied  by 
some,  or  of  magnetic  centres  of  action,  does  not  include  that  of  the 
latter  kind  of  transmission,  but  the  idea  of  lines  of  force  does."  And 
he  continues  thus:— "I  am  more  inclined  to  the  notion  that  in  the 
transmission  of  tho  [magnetic]  force  there  is  such  an  action  [an  in- 
termediate agency  ,  external  to  the  magnet,  than  that  the  effects  are 
merely  attraction  and  repulsion  at  a  distance.  Such  an  affection  mag 
be  a  function  of  the  ether ;  for  it  is  not  at  nil  iniiikelff  that,  if  there  be  fin 
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tiirr,  it  thouid  have  other  uses  than  timjtlg  the  conveyance  of  radiations." 
When  he  speaks  of  the  magnet  in  certain  cases,  "  revolving  amongst 
its  own  forces,"  he  appears  to  have  some  conception  of  this  kind  in 
new. 

A  great  part  of  the  investigation  completed  in  October,  1851, 
was  taken  np  with  the  motions  of  wires  round  the  poles  of  a  magnet, 
and  the  converse.  He  carried  an  insulated  wire  along  the  axis  of  a 
bar  magnet  from  its  pole  to  its  equator,  where  it  issued  from  tho 
magnet,  and  was  bent  up  so  as  to  connect  its  two  ends,  A  complete 
circuit,  no  part  of  which  was  in  contact  with  tho  magnet,  whs  thus 
obtained.  He  found  that  when  the  magnet  and  tho  external  wire 
wero  rotated  together  no  current  was  produced  ;  whereas,  when  either 
of  them  woe  rotated  and  the  other  kit  at  rest  currents  were  evolved. 
He  then  abandoned  the  axial  wire,  and  allowed  tho  magnet  itself  to 
take  its  place ;  the  result  was  tho  same.*  It  was  tho  relative  motion 
of  the  magnet  and  the  loop  that  wus  effectual  in  producing  u  current. 

The  lines  of  force  have  their  roots  in  the  magnet,  and  though  they 
may  expand  into  infinite  space,  they  eventually  return  to  the  magnet. 
Now  these  lines  may  he  intersected  close  to  the  magnet  or  at  a 
distance  from  it.  Faraday  finds  distance  to  lie  perfectly  imma- 
terial so  long  as  tho  numbir  of  Hues  intersected  is  the  samo.  For 
example,  when  the  loop  connecting  the  equator  and  the  polo  of  his 
tiar-magnet  performs  one  complete  revolution  round  the  magnet,  it  is 
manifest  that  all  the  linen  of  force  issuing  from  the  magnet  are  once 
intersected.  Now  it  matters  not  whether  tho  loop  be  ten  feet  or  ton 
inches  in  length,  it  matters  not  how  it  may  ho  twisted  and  contorted, 
it  matters  not  how  near  to  the  magnet  or  how  distant  from  it  the  loop 
may  bo,  one  revolution  always  produces  the  same  amount  of  current 
electricity,  because  in  all  these  cases  all  the  lines  uf  force;  issuing  from 
tho  magnet  are  met  intersected  and  no  more. 

From  the  external  portion  of  the  circuit  he  passes  in  idea  to  tho 
internal,  and  follows  the  lines  of  force  into  the  body  of  the  magnet 
itaclf.  His  conclusion  is  that  thero  exists  lines  of  force  within  tho 
magnet  of  the  same  nature  as  those  without.  What  is  more,  they  are 
exactly  equal  in  amount  to  those  without.  They  havo  a  relation  in 
direction  to  those  without ;  and  in  foot  are  continuations  of  them. 
.  .  .  "  Every  line  of  force,  therefore,  at  whatever  distance  it  may  bo 
taken  from  tho  magnet,  must  be  considered  as  a  closed  circuit,  passing 
in  some  part  of  its  course  through  the  magnet,  and  having  an  equal 
amount  of  force  in  every  part  of  its  course." 

All  the  reenlta  hero  described  were  obtained  with  mating  metal*. 
"  But,"  he  continues  with  profound  sagacity,  "  more  motion  would  not 

irate  a  relation,  which  had  not  a  foundation  in  the  existence  of 

)  previous  state;  and  therefore  the  i/h  iVwvm/  metals  must  be  in 
u  to  the  active  eeutro  of  force,"  that  is  to  tho  inagnot.     Ho 
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hero  touches  the  core  of  the  whole  question,  and  when  we  can  state 
the  condition  into  which  the  conducting  wire  is  thrown  before  it  is 
moved,  we  shall  then  be  in  a  position  to  understand  the  physical 
constitution  of  tin:  electric  current  generated  by  its  motion. 

In  this  inquiry  Faraday  worked  with  steel  magnets,  tho  force  of 
which  varies  with  tho  distanco  from  the  nmguet.  He  then  sought  a 
uniform  field  of  magnetic  force,  and  found  it  in  space  as  affected  by 
the  magnetism  of  tho  earth.  Ills  next  memoir,  sent  to  the  Royal 
Society  on  the  31st  of  December,  1851,  is  "  On  tho  employment  of  the 
Induced  Magneto-electro  Current  as  a  test  and  measure  <jf  magnetic, 
forces."  He  forms  rectangles  anil  rings,  and  by  ingenious  and  simple 
devices  collects  tho  opposed  currents  which  arc  developed  in  them  by 
rotation  across  tho  terrestrial  lines  of  magnetic  force,  lie  varies  the 
shapes  of  his  rectangles  while  preserving  their  areas  constant,  and 
finds  that  the  constant  area  produces  always  the  same  amount  of  cur- 
rent per  revolution.  The  current  depends  solely  on  tho  number  of 
lines  of  forco  intersected,  and  when  this  number  is  kept  constant  tho 
current  remains  constant  too.  Thus  the  lines  of  magnetic  force  are 
continually  before  his  eyes,  by  their  aid  he  colligates  his  facts,  and 
through  tho  inspirations  derived  from  them  he  vastly  expands  tho 
boundaries  of  our  experimental  knowledge.  Tho  beauty  and  eiaeti- 
tudo  of  the  results  of  this  investigation  arc  extraordinary.  I  cannot 
help  thinking  while  I  dwell  upon  them  that  this  discovery  of  mag- 
neto-electricity is  tho  greatest  experimental  result  over  obtained  by 
an  investigator.  It  is  the  Mont  Blanc  of  Faraday's  own  achieve- 
ments. Ho  always  worked  at  great  elevations,  hut  a  higher  than  this 
ho  never  subsequently  attained. 
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Ifnili/nud  Conrcrtibitity  of  Natural  Forces:  Theory  of  the  Elect  >  i*   < 

Tho  terms  unity  and  cotwertSnUly,  as  applied  to  natural  forces, 
ore  of  ton  employed  in  these  investigations,  many  profound  and 
beautiful  thoughts  respecting  these  subjects  being  expressed  in  Fara- 
day's memoirs.  Modern  inquiry  has  however  much  augmented  our 
knowledge-  of  tho  relationship  of  natural  forces,  and  it  seems  worth 
while  to  say  a  few  words  here,  tending  to  clear  up  certain  miscon- 
ceptions which  appear  to  exist  among  philosophic  writers  regarding 
this  relationship. 

The  whole  stock  of  eitivgy  or  irorlinij-jioircr  in  tho  world  consists  of 
attractions,  repulsions,  and  motions.  If  tho  attractions  and  repulsions 
are  bo  circumstanced  as  to  bo  able  to  produce  motion,  the-y  are  sources 
of  working-power,  but  not  otherwise.  Let  us  for  the  sake  of  simplicity 
confine  our  attention  to  the  case  of  attraction.  Tho  attraction  exerted 
between  the  earth  and  a  body  at  a  distance  from  the  earth's  surface  is 
a  source  of  working-power ;  because  the  body  can  bo  moved  by  tho 
attraction,  and  in  falling  to  tho  earth  can  perform  work, .  When  it 
rests  upon  tho  earth's  surface  it  is  nut  a  source  of  power  or  energy, 
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because  it  can  fall  no  farther.  But  though  it  has  ceased  to  be  a 
source  at  energy,  the  attraction  of  gravity  still  acts  as  a  forte,  which 
holds  the  earth  and  weight  together. 

The  same  remarks  apply  to  attracting  atoms  and  molecules.  As 
long  as  distance  separates  them,  they  con  move  across  it  in  obedience 
to  the  attraction,  and  the  motion  thus  produced  may,  by  proper  appli- 
ances, bo  caused  to  perform  mechanical  work.  When,  for  example, 
two  atoms  of  hydrogen  unite  with  odo  of  oxygen,  to  form  water, 
the  atoms  are  first  drawn  towards  each  other — they  move,  thoy  clash, 
and  then  by  virtue  of  their  resiliency,  thoy  recoil  and  juicer.  To 
this  quivering  motion  wo  give  the  name  of  heat.  Now  this  quiver- 
ing motion  is  merely  the  redistribution  of  tho  motion  produced  by 
the  chemical  affinity ;  and  this  is  the  only  sense  in  which  chemical 
affinity  can  be  said  to  be  converted  into  heat.  We  must  not  imagine 
the  chemical  attraction  destroyed,  or  converted  into  anything  else. 
For  the  atoms  when  mutually  clasped  to  form  a  molecule  of  water, 
are  held  together  by  the  very  attraction  which  first  drew  them  towards 
each  other.  That  which  has  reiilly  been  expended  is  the  pull  exerted 
through  the  space  by  which  the  distance  between  the  n tutus  has  been 

li;[uin:ili'd. 

If  this  be  understood  it  will  bo  at  once  seen  that  gravi'y  may 
in  this  sense  be  said  to  be  convertible  into  heat ;  that  it  is  in  reality 
no  mure  an  outstanding  and  inconvertible  agent,  as  it  is  sometimes 
stated  to  be,  than  chemical  affinity.  My  the  exertion  of  a  certain 
poll  through  a  certain  space  a  body  is  caused  to  clash  with  a  certain 
definite  velocity  against  the  earth.  Heat  is  thereby  developed,  and 
this  is  the  only  sense  in  which  gravity  eon  be  said  to  bo  converted 
into  beat.  In  no  case  is  the  forte  which  produces  the  motion  annihi- 
lated or  changed  into  anything  else.  The  mutual  attraction  of  the 
earth  and  weight  exists  when  they  are  in  contact  as  when  they  were 
separate;  but  the  ability  of  that  attraction  to  employ  it,.-!  It  in  tho 
pri-liietiuii   >>f  motion  dues  not  exist. 

Tin  transformation,  in  this  case,  is  easily  followed  by  the  mind's 
eve.  First,  the  weight  as  a  whole  is  set  in  motion  by  the  attraction 
of  gravity.  This  motion  of  the  mass  is  arrested  by  collision  with 
the  earth,  being  broken  up  into  molecular  tremors,  to  which  we  give 
tho  name  of  heat. 

And  when  we  reverse  tho  process,  and  employ  those  tremors  of  heat 
to  raise  a  weight,  as  is  done  through  the  intermediation  of  an  elastic 
fluid  in  the  steam-engine,  a  certain  definite  portion  of  the  molecular 
motion  is  destroyed  in  raising  the  weight.  In  this  sense,  and  this 
sense  only,  can  the  heat  be  said  to  be  converted  into  gravity,  or  more 
correctly,  into  potential  energy  of  gravity.  It  is  not  that  the  destruc- 
tion of  the  heat  has  created  any  ww  attraction,  but  simply  that  the 
old  attraction  has  now  a  power  conferred  upon  it,  of  exerting  a  certain 
definite  pull  in  the  interval  between  tho  starting-point  of  the  falling 
weight  and  its  collision  with  the  earth. 

So  also  as  regards  magnetic  attraction :  when  a  sphere  of  iron 
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placed  at  some  distance  from  a  magnet  rushes  towards  the  magnet, 
and  has  its  motion  itopped  by  KtOimon,  an  effect  mechanically  the 

same  as  that  produced  by  the  attraction  of  gravity  occurs.  The  mag- 
netic attraction  generates  the  motion  of  the  mass,  and  the  stoppage 
of  that  motion  produces  heat.  In  this  mmnn,  and  in  thin  sense  only, 
is  there  a  transformation  of  magnetic  work  into  heat.  And  if  by  the 
mechanical  action  of  beat  brought  to  bear  by  means  of  a  suitable 
machine,  the  sphere  be  torn  from  tbo  magnet  and  again  placed  at  a 
distance,  a  power  of  exerting  a  pull  through  that  distance,  and  pro- 
ducing a  new  motion  of  tho  sphere,  is  thereby  conferred  upon  the 
magnet ;  in  this  sense,  and  in  this  sense  only,  is  the  heat  converted 
into  magnetic  potontial  energy. 

When,  therefore,  writers  on  the  conservation  of  energy  speak  of 
tensions  being  "  consumed  "  and  "  generated,"  they  do  not  mean  thereby 
that  old  attractions  have  been  annihilated  and  new  ones  brought  into 
existence,  but  that,  in  the  ono  case,  the  power  of  the  attraction  to 
produce  motion  has  been  diminished  by  tho  shortening  of  the  dis- 
tance between  the  attracting  bodies,  and  that  in  the  other  case  the 
power  of  producing  motion  had  been  augmented  by  the  increase  of 
the  distance.  These  remarks  apply  to  all  bodies,  whether  they  be 
sensible  masses  or  molecules. 

Of  the  inner  quality  that  enables  matter  to  attract  matter  we 
know  nothing ;  and  the  law  of  conservation  makes  no  statement  re- 
garding that  quality.  It  takes  tho  facts  of  attraction  as  they  stand, 
and  affirms  only  tho  constancy  of  uorkmppotner.  That  power  may 
exist  in  the  form  of  motion  ;  or  it  may  exist  in  the  fonn  of  fobce, 
with  distance  to  act  through.  Tho  former  is  dynamic  energy,  the  latter 
is  potential  energy,  the  constancy  of  the  sum  of  both  being  affirmed 
by  the  law  of  conservation.  Tho  convertibility  of  natural  forces  con- 
sists solely  in  transformations  of  dynamic  into  potential,  and  of 
potential  into  dynamic  energy,  which  aro  incessantly  going  on.  In 
no  other  senso  has  the  convertibility  of  force,  at  present,  any  scientific 
moaniug. 

By  the  contraction  of  a  muscle  a  man  lifts  a  weight  from  the  earth. 
But  the  muscle  cau  contract  only  through  the  oxidation  of  its  own 
tissue  or  of  the  blood  passing  through  it.  Molocular  motion  is  thus 
converted  into  mechanical  motion.  Supposing  tho  muscle  to  contract 
without  raising  the  weight,  oxidation  w<iuM  also  occur,  but  the  whole 
of  tbo  beat  produced  by  this  oxidation  would  bo  liberated  in  the  muscle 
itself.  Not  so  when  it  performs  external  work ;  to  do  that  work  a 
certain  definite  portion  of  the  heat  of  oxidation  must  be  expended. 
It  is  so  expended  in  pulling  the  weight  away  from  tho  earth.  If  the 
weight  be  permitted  to  fall,  tho  heat  generated  by  its  collision  with 
tin:  earth  would  i.-xiictly  mala'  up  for  thai  lacking  in  the  muscle  during 
the  lifting  of  the  weight.  In  the  case  here  supposed,  we  have  a  con- 
version of  molecular  muscular  action  into  potential  energy  of  gravity ; 
and  a  conversion  of  that  potential  energy  into  heat ;  the  heat,  how- 
ever, appearing  at  a  distance  from  its  real  origin  in  the  muscle.     The 
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whole  process  consists  of  a  transference  of  molecular  motion  from  the 
muscle  to  tlic  weight,  and  gravitating  force  is  tho  inore  go-botween,  by 
means  of  which  the  transference  is  effected. 

Those  considerations  will  help  to  clear  oor  way  to  the  conception 
of  the  transformations  which  occur  when  a  wire  is  moved  across  tho 
lines  of  force  in  a  magnetic  field.  In  this  case  it  is  commonly  said  we 
bare  a  conversion  of  magnetism  into  electricity.  But  let  us  endeavour 
to  understand  what  really  occurs.  For  the  sake  of  simplicity,  and 
with  a  view  to  its  translation  into  a  different  one  subsequently,  let  us 
adopt  (bf  a  nouMt  the  provisional  conception  of  a  mixed  fluid  in  the 
«ire.  (.--imposed  of  positive  and  negative  electricities  in  equal  quantities 
and  therefore  perfectly  neutralizing  each  other  when  the  wire  is  still. 
By  the  motion  of  tho  wire,  say  with  the  hand,  towards  the  magnet, 
what  the  Germans  call  a  Scheidun<j*-Kraft—a  separating  force — is 
brought  into  play.  This  force  tears  the  mixed  fluids  asunder,  and 
drives  them  in  two  currents,  the  one  positive  and  the  other  negative, 
in  two  opposite  directions  through  the  wire.  The  presence  of  these 
currents  evokes  a  force  of  rqmltioM  hot  ween  tho  magnet  and  the  wire  ; 
and  to  cause  the  one  to  approach  the  other,  this  repulsion  must  he 
overcome.  The  overcoming  of  this  repulsion  is,  in  fact,  the  work 
done  in  separating  and  impelling  the  two  eleetri cities.  When  the 
wire  is  moved  away  from  tho  magnet,  a  Selicidungt-Kraft,  or  sepa- 
rating force,  also  comes  into  play  ;  but  now  it  is  an  attraction  that  has 
to  be  surmounted.  In  surmounting  it,  currents  arc  developed  in 
directions  opposed  to  the  former  ;  positive  takes  the  place  of  negative, 
and  negative  the  place  of  positive ;  tho  overcoming  of  the  attraction 
being  the  work  done  in  separating  and  impelling  the  two  electricities. 

The  mechanical  action  occurring  hero  is  different  from  that  occur- 
ring where  a  sphere  of  soft  iron  is  withdrawn  from  a  magnet,  and 
again  attracted.  In  this  case  muscular  force  is  expended  during 
the  act  of  separation  :  but  the  attraction  of  the  magnet  effects  tho 
reunion.  In  the  case  of  the  moving  wire,  also  we  overcame  a  re- 
Ktitancc  in  separating  it  from  the  magnet,  and  thus  far  the  action 
m  mechanically  the  samo  as  the  separation  of  the  sphere  of  iron. 
But  after  the  wire  has  censed  moving,  the  attraction  ceases;  and  so 
Car  from  any  action  occurring  similar  to  that,  which  draws  the  iron 
sphere  back  to  the  magnet,  we  Iiavo  to  overcome  a  repulsion  to  bring 
them  together. 

:-.  no  potential  energy  conferred  either  by  the  removal  or  by 
thi!  approach  of  the  wire,  and  tho  only  power  really  transformed  or 
converted,  in  the  experiment,  is  muscular  power.  Nothing  that  could 
in  strictness  be  called  a  conversion  of  magnetism  into  electricity 
occurs.  The  muscular  oxidation  that  moves  tho  wire  fails  to  produce 
mlita  l)u  mutvli:  its  due  amount  of  heat,  a  portion  of  that  heat  equiva- 
lent to  the  resistance  overcome,  appearing  in  the  moving  wire  instead. 

Is  this  offect  an  attraction  and  a  ropitlsiou  at  a  distance  ?  If  so, 
why  should  both  ceaso  when  the  wire  eoasos  to  movo  ?  In  fact,  tho 
deportment  of  tho  wire  resembles  far  more  that  of  a  body  moving  in 

u  2 


260  Professor  Tyndall  [Jan. 

a  resisting  medium  than  any  thing  else ;  the  resistance  ceasing  when 
the  motion  is  suspended.  Let  us  imagine  the  case  of  a  liquid  so 
mobile  that  the  hand  way  he  passed  through  it  to  and  fro,  without 
encountering  any  sensible  resistance.  It  resembles  the  motion  of  a 
conductor  in  the  unexcited  field  of  an  electro-magnet.  Now  let  us 
suppose  a  body  placed  in  the  liquid,  or  acting  on  it,  which  confer* 
upon  it  the  property  of  tueosiifi  the  hand  would  no  longer  move 
freely.  During  its  motion,  but  then  only,  resistance  would  bo  encoun- 
tered and  overcome.  Here  wo  liavo  rudely  represented  the  case  of 
the  excited  magnetic  field,  and  the  result  in  both  cases  would  be  sub- 
stantially the  same.  In  both  cases  heat  would,  in  the  end,  lie  generated 
outside  of  the  muscle,  its  amount  being  exactly  equivalent  to  the 


Let  us  push  the  analogy  a  little  further;  suppose  in  the  case 
of  the  fluid  rendered  viscous,  as  assumed  a  moment  ago,  the  viscosity 
not  to  bo  so  great  as  to  prevent  the-  formation  of  rqijiU's  when  tho 
hand  is  passed  through  the  liquid.  Then  the  motion  of  the  hand, 
before  its  ink]  aoaysnioB  into  boat,  would  exist  for  a  time  as  wave- 
motion,  which  on  subsiding  would  generate  its  due  equivalent  of  heat. 
This  intermediate  stage,  in  tho  case  of  our  moving  wire,  is  n 
souted  by  the  period  during  which  the  electric  current  is  flowing  th\ 
it;  but  that  current,  like  tho  ripples  of  our  liquid,  soon  sal 
being,  like  them,  converted  into  heat. 

Do  these  words  shadow  forth  anything  like  the  reality  ?  Si 
speculations  cannot  bo  injurious  if  they  are  enunciated  without  dog- 
matism. I  do  confess  that  ideas  such  as  these  here  indicated  exorcise 
a  strung  fascination  on  my  mind.  Is  then  the  magnetic  field  really 
viscous,  and  if  so,  what  substance  exists  in  it  and  the  wire  to  produce 
tho  viscosity?  Let  us  first  look  at  the  proved  effects,  and  afterwards 
turn  our  thoughts  back  upon  their  cause.  When  the  wire  approaches 
tho  magnet,  an  action  is  evoked  within  it,  which  travels  through  it 
with  a  velocity  comparable  to  that  of  light.  One  substance  only  in 
the  universo  has  been  hitherto  proved  competent  to  transmit  power 
at  this  velocity;  the  luminiferous  ether.  Not  only  its  rapidity  of 
progression  but  its  ability  to  produce  tho  motion  of  light  and  heat, 
indicates  that  tho  electric  current  is  also  motion."  Further,  there  is 
a  striking  resemblance  between  tho  action  of  gimd  and  bod  conductors 
as  regards  electricity,  and  the  action  of  di nthe miftuous  and  adiather- 
manoua  bodies  as  regards  radiant  heat.  The  good  conductor  is 
diathermanouM  to  tho  electric  current;  it  allows  free  transmission 
without  tho  development  of  heat.  The  bad  conductor  is  adiather- 
nianous  to  the  electric  current,  and  hence  the  passage  of  the  latter  is 
accompanied  by  the  development  of  heat.  I  am  strongly  inclined  to 
hold  tho  electric  current,  pure  and  simple,  to  be  a  motion  of  the  ether 


hi 


Clerk  Maxwell  has  rctvuliv  published  nil  exceedingly  important 
iiiTCnti;,'i)ti<tii  .■uinicclt.il  willi  (l.j-  'lU.Bli.in.  ['.\;n  in  the  iiuii-miitiicmntieaj  por- 
tions of  the  memoirs  if  Mr.  Maxwell,  th<<  admirable  spirit  of  liis  pliilrigopltT  ii 
fiiHiiiintly  revealed.  As  regnnlH  the  c-niplnyim-rit  of  wientiRe  irnngery,  1 
hardly  know  lii-  eijHul  in  p"W  r  r-f  timet  I'M id  '■leinin>s  of  tit-Knit  ion. 
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alone ;  good  conductors  being  bo  constituted  that  the  motion  may  be 
propagated  through  their  ether  without  sensible  tnzufoto  their  atoms, 
while  in  the  ease  of  bad  conductors  this  transfer  is  effected,  the  trans- 
ferred motion  appearing  as  heat.* 

I  do  not  know  whether  Faraday  would  have  subscribed  to  what  is 
here  written ;  probably  his  habitual  caution  would  have  prevented  him 
from  committing  himself  to  anything  bo  definite.  But  some  such  idea 
filled  his  mind  and  coloured  his  language  through  all  the  later  years 
of  his  life.  I  dare  not  say  that  he  has  been  always  successful  in 
the  treatment  of  these  theoretic  notions.  In  his  speculations  he  mixes 
together  light  and  darkness  in  varying  proportions,  and  carries  us 
ting  with  him  through  strong  alternations  of  both.  It  is  impossible 
to  say  how  a  certain  amount  of  mathematical  training  would  have 
affected  his  work.  We  cannot  say  what  its  influence  would  have  been 
upon  that  foree  of  inspiration  that  urged  him  on  ;  whether  it  would 
hare  daunted  him,  and  prevented  him  from  driving  his  adits  into 
places,  where  no  theory  pointed  to  a  lode.  If  so,  then  wo  may  rejoice 
that  this  strong  delver  at  the  mine  of  natural  knowledge  was  left  free 
to  wield  his  mattock  in  his  own  way.  It  must  bo  admitted,  that 
Faraday's  purely  speculative  writings  often  lack  that  precision  which 
the  mathematical  habit  of  thought  confers.  Still  across  them  flash 
frequent  gleams  of  prescient  wisdom  whieh  will  excite  admiration 
throughout  all  time,  while  the  facts,  relations,  principles,  and  laws 
which  his  experiments  have  established  are  sure  to  form  the  body  of 
grand  theories  yet  to  come. 


SUMMARY. 


mightier  eminences,  in  nearly  all  cases  lifted  others  to  an  almost  equal 
height.  And  so  it  is  with  the  discoveries  of  Faraday.  As  a  general 
role,  the  dominant  result  does  not  stand  alone,  but  forms  the  culmi- 
nating point  of  a  vast  and  varied  mass  of  inquiry.  In  this  way,  round 
•boot  his  great  discovery  of  Magneto-electric  Induction,  uther  weighty 
labours  group  themselves.  His  investigations  on  the  Extra  Current ; 
ar  and  other  Condition  of  Diauiagnetic  Bodies  ;  on  Lines 


When  from  an  Alpine  height  the  eye  of  the  climbor  ranges  over 
the  mountains,  he  finds  that  for  the  most  part  they  resolve  theiu- 
■elra  into  distinct  groups,  each  consisting  of  a  dominant  mass 
surrounded  by  peaks  of  lesser  elevation.  The  power  whieh  lifted  the 
I  eminences,  in  nearly  all  eases  lifted  others  to  an  almost  equal 
And  so  it  is  with  the  discoveries  of  Faraday.  As  a  general 
:■  dominant  result  does  not  stand  alone,  but  forms  the  culnii- 
g  point  of  a  vast  and  varied  mass  of  inquiry.  In  this  way,  round 
,  his  great  discovery  of  Magneto-electric  Induction,  uther  weighty 
labours  group  themselves.  His  investigations  on  the  Extra  Current ; 
on  thn  Bohir  and  other  Condition  of  Diamugnetiu  Bodies  ;  on  Lines 
of  Magnetic  Force,  their  definite  character  and  distribution ;  on  the 
employment  of  the  Induced  Magneto-electric  Current  as  a  measure 
and  teat  of  Magnetic  Action  ;   on  the  Eovnleivo  Phenomena  of  the 

•  One  iuip-rrtiiiil  •]  ille  re  net,  of  course,  exists  liolweeu  I  lie  tiled,  of  motion  iu 
the  magnetic  field,  imrl  uwiiuii  in  11  resisting  medium.  In  the  former  case  the 
lieat  ia  generated  in  the  mating  conductor,  in  Ibo  latter  it  is  iu  part  generated  111 
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magnetic  Hold,  ore  nil,  notwithstanding  the  diversity  of  title,  researches 
in  the  domain  of  magneto-electric  induction. 

Faraday's  second  group  of  researches  and  discoveries  embrace 
the  chemical  phenomena  of  the  current.  The  dominant  result  here 
is  the  great  law  of  definite  Eleclm-chemiciil  Decomposition,  around 
wliich  are  massed  various  researches  on  Electro-chemical  Conduc- 
tion, and  on  Electrolysis  both  with  the  Machine  and  with  the  Pile. 
To  this  group  also  belong  his  analysis  of  the  Contact  Theory,  his 
inquiries  us  to  the  Source  of  Voltaic  Elicti'jeily,  and  his  final  develop- 
ment of  the  Chemical  Theory  of  the  pile. 

His  third  great  discovery  is  the  Hague ti nation  of  Eight,  which  I 
should  liken  to  the  Weisshorn  among  mountains— high,  beautiful,  and 

The  dominant  result  of  his  fourth  group  of  researches  is  the  dis- 
covery of  DiamufrnetiKnij  announced  in  his  memoir  as  the  Magnetic 
Condition  of  all  Matter,  round  which  are  grouped  his  inquiries  ou  the 
Magnetism  of  Flame  and  Gases ;  on  Magne-crystallic  action,  and  on 
Atmospheric  Magnetism,  in  its  relations  to  the  annual  and  diurnal 
variation  of  the  needle,  the  full  significance  of  which  is  still  to  bo 
shown. 

These  are  Faraday's  most  massive  discoveries,  and  upon  them  bis 
fame  must  mainly  rest.  But  even  without  them,  sufficient  would 
remain  to  secure  for  him  a  high  and  lasting  scientific  reputation.  Wo 
should  still  have  his  researches  on  the  Liqneraction  of  Cases;  on 
Fractional  Electricity;  on  the  Electricity  of  the  Gymnotus;  on  the 
source  of  power  in  the  Hydro-electric  machine,  the  two  last  investiga- 
tions being  iiiit'.ncliiil  in  the  foregoing  memoir  ;  on  Electro-magnetic 
notations;  on  Kegelation;  all  his  more  purely  Chemical  licsearchos, 
including  his  discovery  of  Benzol.  Besides  these  ho  published  m 
multitude  of  minor  papers,  most  of  which,  in  some  way  or  other, 
illustrate  his  genius.  I  have  made  no  allusion  to  his  power  and 
ewoctncBS  as  a  lecturer.  Taking  him  for  all  in  all,  I  think  it  will  be 
conceded  that  Michael  Faraday  was  the  greatest  experimental  philo- 
sopher the  world  has  over  seen;  and  I  will  add  the  opinion,  that  the 
progress  of  future  research  will  tend  not  to  dim  or  to  diminish,  but 
eulianco  and  glorify  the  labours  of  this  mighty  investigatoi 


Illustrations  of  Character. 


Thus  far  I  have  confined  myself  to  topics  mainly  interesting  to 
the  man  of  science,  endeavouring,  however,  to  treat  them  in  a.  manner 
unrepellent  to  the  general  reader  who  might  wish  to  obtain  a  notion 
of  Faraday  as  a  worker.  On  others  will  full  the  doty  of  presenting  to 
the  world  a  picture  of  the  man.  But  I  know  you  will  permit  me  to 
add  to  tlio  foregoing  analysis  a  few  personal  reminiscences  and  re- 
marks, tending  to  connect  Faraday  with  a  wider  world  than  that  of 
science— namely,  with  the  general  human  heart. 
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One  word  in  reference  to  Lis  married  life,  in  addition  to  what 
has  been  nln.-ai.lj-  said,  may  find  a  place  here.  As  in  the  former  case, 
FurnduT  shall  be  his  own  spokesman.  The  following  paragraph, 
though  written  in  the  third  person,  is  from  his  hand  : — "  Ou  the  12th  '", 


of  June,  1S|1,  he 

tributed  to  his  earthly  happiness  and  healthful  state  of  mind.     The 


i  event  which  more  than  any  other  c 
ness  and  healthful  state  of  mind.     '1 
i  has  continued  for  twenty-eight  years  and  has  in  no  wise  changed, 


except  in  the  depth  and  strength  of  its  character." 

Faraday's  immediate  forefathers  lived  in  a  little  place  called  Clap- 
ham  Wood  Hall,  in  Yorkshire.  Here  dwelt  Robert  Faraday  and 
Elizabeth  bis  wife,  who  hod  ten  children,  one  of  them,  James  Faraday, 
born  in  1761,  being  father  to  the  philosopher.  A  family  tradition 
exists  that  the  Farodaya  came  originally  from  Ireland.  Faraday 
himself  has  more  than  once  expressed  to  me  his  belief  that  his  blood 
was  in  part  Celtic,  but  how  much  of  it  was  so,  or  when  the  infusion 
took  place,  ho  was  unable  to  say.  He  could  imitate  the  Irish  brogue, 
and  hie  wonderful  vivacity  may  have  been  in  part  due  to  his  extrac- 
tion. But  there  were  other  qualities  which  wo  should  hardly  think 
of  deriving  from  Ireland.  The  most  prominent  of  these  was  his  sense 
of  order,  which  ran  like  a  luminous  beam  through  all  the  transac- 
tions of  his  life.      The  most  entangled  and  complicated  matters  fell 

■  harmony  in  his  hands.    His  mode  of  keeping  accounts  excited  tho 

oiration  of  the  managing  board  of  this  Institution.  And  his  science 
iu  similarly  ordered.  In  bis  Experimental  Researches,  he  numbered 
every  paragraph,  and  welded  their  virions  parts  together  by  incessant 
reference.  His  private  notes  of  the  Experimental  Researches,  which 
•re  happily  preserved,  are  similarly  numbered  :  their  last  paragraph 
botra  the  figure  1(3.041.  His  working  qualities,  moreover,  showed 
the  tenacity  of  the  Teuton.  His  nature  was  impulsive,  but  there  was 
•  force  behind  the  impulse  which  did  not  permit  it  to  retreat.  If  in 
hi-  mirui  moments  he.  formed  ;t  resolution,  ;u  hi-  cool  ones  lie  made 
that  resolution  good.  Thus  bis  tire  was  that  of  a  solid  combustible, 
not  that  of  a  gas,  which  blazes  suddenly,  and  dies  as  suddenly  away. 

And  here  I  must  claim  your  tolerance  for  the  limits  by  which  I  am 
confined.  No  materials  for  a  life  of  Faraday  are  in  my  hands,  and 
what  I  have  now  to  say,  has  orison  almost  wholly  out  of  our  close 
personal  relationship. 

Letters  of  bis,  covering  a  period  of  sixteen  years,  are  before  me, 
each  one  of  which  coutuinn  somo  characteristic  utterance ; — strong,  yet 
delicate  in  counsel,  joyful  in  encouragement,  and  warm  in  affection. 
References  which  would  be  pleasant  to  such  of  thom  as  still  livo  aro 
made  to  Humboldt,  Biot,  Doras*,  Olievreul.  Magnus,  and  Arogo.  Acci- 
dent brought  these  names  prominently  forward  ;  but  many  others  would 
be  required  to  complete  his  list  of  continental  friends.  Ho  prized  the 
I  mratfhj  of  men— prized  it  almost  more  than  the  renown 
which  his  science  brought  him.  Nearly  a  dozen  years  ago  it  fell  to 
my  lot  to  write  a  review  of  his  "  Experi mental  Researches"  for  tho 
'  Philosophical  Magazine.'     After  ho  had  read  it,  he  took  mc  by  tho 
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-listtid,  and  said,  '■  Tyiidall,  the  sweetest  reward  of  my  work  is  the 
sympathy  and  goodwill  which  it  has  caused  to  flow  in  upon  me  from 
oil  quarters  of  the  world."  Among  his  letters  I  find  little  BfMrfea  of 
kindness,  precious  to  no  one  hut  myself,  but  more  precious  to  me  tlnin 
all.  He  would  peep  into  the  laboratory  when  lie  thought  me  weary, 
ninl  take  1110  upstairs  with  liiiji  to  rest.  And  if  I  happened  to  bo 
absent  be  would  leave  a  littlo  noto  for  mo,  couebed  in  this  or  soma 
other  similar  form  :— "Dear  Tyndoll,—  I  whs  looking  for  you,  because 
we  were  at  tea — we  have  not  yet  done— will  you  ooine  up  ?"  1  frequently 
shared  his  early  dinner ;  almost  always,  in  fact,  while  my  lectures 
wore  going  on.  There  wua  no  trace  of  asceticism  in  his  nature.  He 
preferred  the  meat  and  wine  of  life  to  its  locusts  niul  wild  honey.  Never 
once  during  an  intimacy  of  fifteen  years  did  lie  mention  religion  to  nie, 
save  when  I  drew  him  on  to  tho  subject.  He  then  spoke  to  mo  with- 
out hesitation  or  reluctance ;  not  with  any  apparent  desire  to 
"  improve  the  occasion,"  but  to  give  me  such  information  as  I  sought. 
Ho  believed  the  human  heart  to  lie  swayed  by  a  power  to  which  science 
or  logic  opened  no  approach,  and  right  or  wrong,  this  faith,  held  in 
perfect  tolerance  of  the  faiths  of  otherB,  strengthened  and  beautified 

From  the  letters  just  referred  to,  I  will  select  three  fur  publication 
hero.  I  choose  the  first,  because  it  contains  a  passage  revealing  the 
feelings  with  which  Faraday  rogardi  d  his  vocation,  and  alao  because 
it  contains  on  allusion  which  will  give  pleasure  to  a  friend. 


■'  Ventnoe,  Isle  of  Wight,  28th  June,  1854. 
"My  nKAn  Tyndall, 

"  You  see  by  the  top  of  this  letter  how  much  habit  prevails  over  me ;  I 
have  just  irad  yours  from  thence,  and  yet  1  think  myself  there-  However, 
1  have  left  its  Science  in  very  go-xl  keeping,  and  1  Bin  glad  to  learn  Uiat  you 
are  at  experiment  once  more.  But  how  is  the  health  ?  Not  well,  I  fear. 
I  wish  you  wuiild  e,et  yourself  strong  first  and  work  afterwards.  As  for  the 
fruits,  f  am  euro  they  will  be  good,  for  though  I  Bometimei  despond  as  regards 

myself,  I  do  net  us  regards  you.     You  arc  young,  1  am  old 

lint   thru  1'iir  tiihjects  are  ro  glorious,  that  to  work   at    them  rejoicet  and 
mteounga  th-  fiehtdi  dtHghtt  and  enenanU  (fa  aftwrasat. 

"I  have  not  yet  seen  any  tiling  In  mi  Magnus,  Though  la  of  him  always 
delight  mo.  We  shall  look  at  his  black  sulphur  together.  I  heard  from 
Schouhein  the  other  day.  Ho  tells  me  that  Liubig  is  full  of  ozone,  *>.  of 
allotrojiic  oiygen. 

"  Good-bye  for  the  present. 

"  Ever,  my  dear  Tyndall, 

"  Yours  truly, 

"  M.  Faraday." 

Tho  contemplation  of  Nature,  and  his  own  relation  to  her,  produced 
in  Faraday  a  kind  of  spiritual  exaltation  which  makes  itself  manifest 
here.  His  religious  feeling  and  his  philosophy  could  not  be  kept 
apart ;  there  was  nn  habitus)  overflow  of  tho  one  into  tho  other. 
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Whether  he  or  anothor  was  its  exponent,  he  appeared  to  take 
i -"111:11  ilelight  in  science.  A  good  experiment  would  make  him 
almost  dance  with  delight.  In  November,  1850,  he  wrote  to  me 
thus: — "I  hope  some  day  to  take  up  the  point  respecting  the  mag- 
I  MMriltnfl  particles.  In  the  mean  time  I  rejoice  at  every 
in  the  facts  and  reasoning  connected  with  the  subjoct. 
When  science  is  a  republic,  then  it  gains;  and  though  I  am  no 
republican  in  other  matters,  I  am  in  that."  All  his  letters  illustrate 
this  catholicity  of  feeling.  Ten  years  ago,  when  going  down  to 
Brighton,  he  carried  with  him  a  little  paper  1  had  just  completed, 
and  afterwards  wrote  to  me.  His  letter  is  a  mere  sample  of  the 
sympathy  which  ho  always  showed  to  me  and  my  work. 

"  Brighton,  9(A  Dk.,  1857. 
"  Mr  hear  Tysdall, 

**  1  cannot  resist  the  pleasure  of  Raying  how  very  much  I  have  enjoyed  your 
jafrr.  Every  part  lias  given  ine  delight.  It  goes  on  from  point  to  point 
beautifully.  You  will  find  many  rencil  marks,  for  I  made  them  as  1  read. 
1  lei  them  stand,  for  though  many  of  them  noon  their  answer  as  the  story 
proceed*,  yet  they  show  how  the  wording  impresses  a  mind  fresh  to  the 
subject,  and  perhaps  here  and  there  you  may  like  to  alter  it  slightly,  if  you 
*iih  the  full  idea,  i.e.  not  an  inaccurate  one,  to  lie  suggested  at  first ;  and  yet, 
I  lielieve  it  is  not  vonr  exposition,  hut  the  natural  jumping  to  a 
IWMllHJUl  tliat  affects  or  has  affected  my  pencil. 

**  We  return  on  Friday,  when  I  nil!  return  you  the  paper, 

"  Ever  truly  yours, 

"  M.  Faraday." 

The  third  letter  will  come  in  its  proper  place  towards  the  end. 

While  once  conversing  with  Faraday  on  science  in  its  relations  to 
commerce  and  Litigation,  he  said  to  me,  that  at  a  certain  period  of  his 
career,  he  was  forced  definitely  to  ask  lum>i:lt".  and  finally  to  decide, 
whether  he  should  make  wealth  or  science  the  pursuit  of  his  life.  He 
could  not  serve  both  masters,  and  he  was  therefore  compelled  to  choose 
between  them.  After  the  discovery  of  magneto-electricity  his  fame 
was  so  noised  abroad,  that  the  commercial  world  would  hardly  have 
considered  any  remuneration  too  high  for  the  aid  of  abilities  like 
his.  Even  before  he  become  so  famous,  he  had  done  a  little  "  pro- 
Tnam'iinal  business."  This  was  the  phrase  be  applied  to  his  purely 
commercial  work.  His  friend,  Richard  Phillips,  for  example,  bad  in- 
duced him  fc>  nridertake  a  number  of  analyses,  which  produced,  in  the 
year  IB30,  an  addition  to  his  income  of  more  than  a  thousand  pounds; 
and  in  I6.il,  a  still  greater  addition.  He  had  only  to  will  it  to  raise 
in  1H32  his  professional  business  income  to  C5UI.H)  a  year.  Indeed, 
this  is  a  wludly  insuflicient  estimate  of  what  he  might,  with  ease,  havo 
realized  annually  during  the  last  thirty  years  of  his  life. 

While  re-studying  the  Experimental  Researches  with  referonce 
to  the  present  memoir,  the  conversation  with  Faraday  here  alluded  to, 
came  to  my  recollection,  and  I  sought  to  ascertain  the  period  when 
the  question,  "  wealth  or  science,"  had  presented  itself  with  such  em- 


phasis  to  his  mind.  I  fixed  upon  the  year  1831  or  1832,  for  it  seemed 
beyond  the  range  of  human  power  to  pursue  science  as  he  had  done 
(luring  the  subsequent  years,  and  to  pursue  commercial  work  at 
the  same  time.  To  test  this  conclusion  I  asked  permission  to  see  his 
accounts,  and  on  my  own  responsibility,  I  will  stale  the  result.  In 
1832,  his  professional  business-income,  instead  of  rising  to  £5000, 
or  more,  fell  from  £1090  4s.  to  £155  9s.  From  this  it  fell  with 
slight  oscillations  to  £92  in  1837,  and  to  zero  in  1838.  Between 
1839  and  1845,  it  never,  except  in  one  instance,  exceeded  £22  ;  being 
for  the  most  part  much  under  this.  The  exceptional  year  referred 
to  was  that  in  which  ho  and  Sir  Charles  Lyell  were  engaged  by 
Government  to  write  a  report  on  the  Huswell  Colliery  erplosion.  and 
then  his  business-income  rose  to  £112.  From  the  end  of  1845  to 
the  day  of  his  death,  Faraday's  annual  professional  business-income 
was  exactly  zero.  Taking  the  duration  of  his  life  into  account,  this 
son  of  a  blacksmith,  and  apprentice  to  a  bookbinder,  had  to  decide 
between  a  fortune  of  £150,000  on  the  one  side,  and  his  undowered 
science  on  the  other.  Ho  chose  tbo  latter,  and  died  a  poor  man. 
But  his  was  the  glory  of  holding  aloft  among  the  nations  the  scientific 
feme  of  England  for  a  period  of  forty  years. 

The  outward  and  visible  signs  uf  fame  were  also  of  less  account 
to  him  than  to  most  men.  lie  hud  been  loaded  with  scientific  honours 
from  all  parts  of  the  world.  Without,  I  imagine,  a  dissentient  voice, 
he  was  regarded  as  tbo  prince  of  the  physical  investigators  of  tho 
present  age.  The  highest  scientific  position  in  tins  country  he  had, 
however,  never  filled.  When  tho  late  excellent  and  lamented  Lord 
Wrottesloy  resigned  the  presidency  of  the  ltoynl  Society,  a  deputa- 
tion from  the  council,  consisting  of  Ins  lordship,  Mr.  Grove,  and 
Mr.  Gassiot,  waited  upon  Faraday,  to  urge  lum  to  accept  the  presi- 
dent's chair.  All  that  argument  or  friendly  jicrsuasion  could  do  was 
dono  to  induco  him  to  yield  to  tbo  wishes  of  the  council,  which 
was  also  tho  unanimous  wish  of  scientific  men.  A  knowledge  of 
the  quickness  of  his  own  nature  had  induced  in  Faraday  the  habit 
of  requiring  an  interval  of  reflection,  before  ho  decided  npon  any 
question  of  importance.  In  tho  present  instance  ho  followed  his 
usual  habit,  and  begged  for  a  little  time.  On  the  following  morning 
I  went  up  to  his  room,  and  said  on  entering,  that  I  had  come  to 
him  with  some  anxiety  of  mind.  He  demanded  its  cause,  and  I 
rcspnndi'd,  "Lisst  yiiu  should  have  decided  against  the  wishes  of  the 
deputation  that  waited  on  yon  yesterday."  "  You  would  not  urge 
me  to  undertake  this  responsibility,"  ho  said.  "I  not  only  urge 
yon,"  was  my  reply,  "but  1  consider  it  your  boimden  duty  to  accept 
it."  He  spoke  of  tho  labour  that  it  would  involvo ;  urged  that  It 
was  not  in  his  nature  to  take  things  easy ;  and  that  if  he  became 
president,  ho  would  snrely  have  to  stir  many  new  questions,  and 
agitate  for  some  changes.  I  said  that  in  such  cases  ho  would  find 
himself  supported  by  the  youth  and  strength  of  tho  Royal  Socit 
This,  however,  did  not   seem   to   satisfy  him.     Mrs.  Faraday 
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into  tbo  room,  and  he  appealed  to  her.  Iter  decision  was  adverse, 
ind  I  deprecated  her  decision.  "  TyndaU,"  ho  said  at  length,  "I 
most  remain  plain  Michael  Faraday  to  the  last ;  and  let  roe  now  tell 
tod,  that  if  I  accepted  the  honour  which  the  Royal  Society  desires  to 
confer  upon  nie,  I  would  not  answer  for  the  integrity  of  my  intellect 
for  a  single  year."  I  urged  him  do  more,  and  Lord  Wrottesley  bad 
a  must  worthy  successor  in  Sir  Benjamin  Brodie. 

After  the  death  of  tho  Duke  of  Northumberland,  our  Board  of 
Managers  wished  to  see  Mr.  Faraday  finish  his  career  as  President  of 
the  Institution,  which  ho  had  entered  on  weekly  wages  more  than 
half  a  century  before.  But  he  would  have  nothing  to  do  with  the 
presidency.  He  wished  for  rest,  and  the  reverent  affection  of  his 
friends  was  to  him  infinitely  more  precious  than  all  the  honours  of 
official  life. 

The  first  requisite  of  the  intellectual  life  of  Faraday  was  the  inde- 
pendence of  his  mind  ;  and  though  prompt  to  urge  obedience  where 
obedience  was  due,  with  every  right  assertion  of  manhood  he  intensely 
sympathised.  Even  rashness  on  the  sido  of  honour  found  from  him 
ready  forgiveness,  if  not  open  ujipliiuse.  The  wisdom  of  years,  tempered 
by  a  character  of  this  kind,  rendered  his  counsel  peculiarly  precious  to 
men  sensitive  like  himself.  I  often  sought  that  counsel,  and,  with 
your  permission,   will  illustrate  its  character  by  one  or  two  typical 


In  1855, 1  was  appointed  examiner  under  the  Council  fur  Military 
Education.  At  that  time,  as  indeed  now,  I  entertained  strong  con- 
victions as  to  tho  enormous  utility  of  physical  science  to  officers  of 
artillery  and  engineers,  and  whenever  opportunity  offered,  I  expressed 
tlits  conviction  without  reserve.  I  did  not  think  the  recognition, 
though  considerable,  accorded  to  physical  science  in  those  examinations, 
at  all  proportionate  to  its  importance ;  and  this  probably  rendered  me 
more  jcalons  than  I  otherwise  should  have  been  of  its  claims. 

In  Trinity  College,  Dublin,  a  school  had  been  organized  with 
reference  to  tho  Woolwich  examinations,  and  a  large  number  of 
exceedingly  well  instructed  young  gentlemen  were  sent  over  from 
Dublin,  to  compete  for  appointments  in  the  artillery  and  engineers. 
The  result  of  one  examination  was  particularly  satisfactory  to  me ; 
indeed  the  marks  obtained  appeared  so  eloquent,  that  I  forbore  saying 
a  word  about  them.  My  colleagues,  however,  followed  the  usual 
custom  of  sending  in  brief  reports  with  their  returns  of  marks.  After 
the  results  were  published,  a  leading  article  appeared  in  '  The  Times,' 
in  which  the  reports  were  largely  quoted ;  praise  being  bostowed  on 
all  the  candidates,  except  tho  excellent  young  fellows  who  had  passed 
through  my  hands. 

A  lotter  from  Trinity  College  drew  my  attention  to  thiB  article, 
bitterly  complaining,  that  whereas  tho  marks  proved  thera  to  be  tbo 
beet  of  all,  tho  scitmce  candidates  were  wholly  ignored.  I  tried  to 
set  matters  "right  by  publishing,  on  my  own  responsibility,  a,  letter 
in  'The  Times.'     The  act  I  knew  could  not  bear  justification  from 
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the  War  Office  point  of  view;  and  I  expected  and  risked  the  dis- 
pleasure of  my  superiors,  Tin:  merited  reprimand  promptly  came. 
"  Highly  as  the  Secretary  of  State  for  War  might  value  the  expression 
of  Professor  Tyndall'a  opinion,  he  bogged  to  say  that  an  examiner 
appointed  by  His  lioyul  Highness  the  Cotiimaiirlrr-in-Ghief  bud  no 
right  to  appear  in  the  public  papers  as  Professor  Tyndall  has  done, 
without  the  sanction  of  tho  War  Office."  Nothing  could  be  more 
just  than  this  reproof,  but  I  did  not  like  to  rest  under  it.  I  wrote  a 
reply,  and  previous  to  sending  it,  took  it  up  to  Faraday.  We  sat 
together  before  his  fire,  and  ho  looked  very  earnest,  as  he  rubbed 
his  hands  and  pondered.     The  following  conversation  then  passed 

betwenn  US  : — 

F.  You  certainly  have  received  a  reprimand,  Tyndall;  but  the 
matter  is  over,  and  if  you  wish  to  accept  the  reproof,  you  will  hear 
no  more  about  it. 

T.  But  I  do  not  wish  to  accept  it. 

F.  Then  you  know  what  the  consequence  of  sending  that  letter 
will  be? 

T.  I  do. 

F.  They  will  dismiss  you. 

T.  I  know  it. 

F.   Then  semi  the  kiier  ! 

Tho  letter  was  firm,  but  respectful ;  it  acknowledged  tie  j 
of  the  censure,  but  expressed  neither  repentance  nor  regret.  Far 
in  his  gracious  way,  slightly  altered  a  sentence  or  two  to  make  it  more 
respectful  still.  It  was  duly  sent,  aud  on  tho  following  day  I  entered 
the  Institution  with  tho  conviction  that  my  dismissal  was  there  before 
me.  Weeks,  however,  passed.  At  length  the  well-known  envelope 
appeared,  and  I  broke  the  seal,  not  doubting  the  contents.  They  were 
very  different  from  what  I  expected.  "  The  Secretary  of  State  for 
War  has  received  Professor  Tyndall's  letter,  and  deems  the  explana- 
tion therehi  nii-en  i-erffthi  mtisfiu-tory"  I  have  often  wished  for  an 
opportunity  of  publielv  acknowledging;  this  liberal  treatment,  proving, 
as  it  did,  that  Lord  Pauiuure  could  discern  and  make  allowance  for  a 
good  intention,  though  it  involved  an  offence  against  routine.  For 
many  years  mibsi  r|ueutly  it  wan  my  privilege  to  act  under  that  excel- 
lent body,  the  Council  tor  Military  Education. 

On  another  occasion  of  this  kind,  having  encouraged  me  in  a 
somewhat  hardy  resolution  I  had  formed,  Faraday  hacked  his  encou- 
ragement by  an  illustration  drawn  from  his  own  life.  The  subject 
will  interest  you,  and  it  is  so  sure  to  be  talkod  about  in  the  world, 
tliat  no  avoidable  harm  can  arise  from  its  introduction  horo. 

In  the  year  1835,  Sir  Robert  Peel  wished  to  offer  Faraday  a  pension, 
but  that  groat  statesman  quitted  office  before  ho  was  able  to" realize  his 
wish.  The  Minister  who  founded  these  pensions  intended  thenr,  I 
believe,  to  ho  marks  of  honour,  which  oven  proud  men  might  accept 
without  compromise  of  independence.  When,  however,  the  intimutii 
first  reachod  Faraday,  in  an  unofficial  way,  be  wrote  a  letter  annoui 
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his  determination  to  decline  tbc  pension;  and  stilting  that  he  was  quite 
competent  to  earn  his  livelihood  himself.      That  letter  still  exists,  but 
it  ma  never  sent,  Faraday's  repugnance  having  been  overruled  by  his 
fowls.     When  Lord  Melbourne  eanie  into  office,  he  desired  to  see 
Friday;  and  probably  in  otter  ignorance  of  the  tnfin — f,,rT  unhappily 
fof  (hem  and  us,  Ministers  of  State  iu  England  are  only  too  often 
ignorant  of  great  Englishmen— his  lordship  said  something  that  nmst 
tire  deeply  displeased  his  visitor.      The  whole  circumstances  were 
once  communicated  to  me,  but  I  have  forgotten  the  details.      The 
lens  "  humbug,"  I  think,  was  incautiously  employed  by  bis  lordship, 
lod  other  expressions  were  used  of  a  similar  kind.     Faraday  quitted 
&c  Minister  with  his  own  resolves,  and  that  evening  ho  left  his  card 
ftud  a  short  and  decisive  note  at  the  residence  of  Lord  Melbourne, 
Hiring  that  he  had  manifestly  ""frffV— '  his  lordship's  intention  of 
honouring  science  in  bis  person,  and  declining  to   have  anything 
whatever  to  do  with  the   proposed   pension.      The  good-humoured 
nobleman  at  first  considered  the  matter  a  capital  joke;  but  he  was 
afterwards  led  to  look  at  it  more  seriously.    An  excellent  lady,  who 
wis  a  friend  both  to  Faraday  and  tbc  Minister,  tried  to  arrange 
matters  between  them ;  but  she  found  Faraday  very  difficult  to  move 
from  the  position  he  had  assumed.     After  many  fruitless  efforts,  slio 
at  length  begged  of  him  to  state  what  he  would  require  of  Lord  Mel- 
bourne to  induce  him  to  change  his  mind.      He  replied,  "  I  should 
require  from  his  lordship  what  I  have  no  right  or  reason  to  expect  that 
be  would  grant : — a  written  apology  for  the  words  lie  permitted  him- 
self to  use  to  mo."    The  required  apology  came,  frank  and  full,  credit- 
ible,  I  thought,  alike  to  the  Prime  Minister  uud  the  philosopher. 

Considering  the  enormous  strain  imposed  on  Faraday's  intellect, 
the  boy-like  buoyancy  even  of  his  later  years  was  astonishing.  Ho 
was  often  prostrate,  but  he  had  immense  resiliency,  which  he  brought 
into  action  by  getting  away  from  London  whenever  his  health  failed.  I 
b»re  already  indicated  the  thoughts  which  filled  his  mind  during  tbo 
evening  of  his  life.  He  brooded  on  magnetic  media  and  lines  of 
farce ;  and  the  great  object  of  the  last  investigation  he  ever  undertook 
m  the  decision  of  the  question  whether  magnetic  forte  requires  time 
for  its  propagation.  How  be  proposed  to  attack  this  subject  wo  may 
never  know.  But  he  has  left  some  beautiful  apparatus  behind  ;  deli- 
cate wheels  and  pinions,  and  associated  mirrors,  which  were  to  have 
been  employed  in  the  investigation.  The  mere  conception  of  such  an 
inquiry  is  an  illustration  of  hiB  strength  and  hopefulness,  and  it  is 
impossible  to  say  to  what  results  it  might  have  led  him.  But  tbo 
work  was  too  heavy  for  his  tired  brain.  It  was  long  before  he  could 
bring  himself  to  relinquish  it,  and  during  this  struggle  he  often  suf- 
fered from  fatigue  of  mind.  It  was  at  this  period,  and  before  ho 
resigned  himself  to  the  repose  which  marked  tbo  last  two  years  of  his 
life,  that  ho  wrote  to  me  the  following  letter, — one  of  many  priceless 
kilters  now  before  me, — which  reveals  more  than  anything  another 
pen  could  express,  the  state  of  his  mind  at  the  time.     I  was  some- 
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times  censured  in  his  presence  for  my  doings  in  the  Alps,  but  his 
constant  reply  whs,  "  let  him  alone,  ho  knows  how  to  take  core  of 
himself."  In  this  letter,  anxiety  on  this  score  reveals  itself,  for  the 
first  time. 

"  Hampton  Court,  1st  Aug.,  1864. 
"My  Dear  Tykdall, 

"I  do  not  know  whether  my  letter  will  cafch  yon,  hut  I  wili  risk  it 
though  feeling  viij  unlit  to  communicate  with  a  man  whose  life  is  aa  vivid 
anil  active  as  yours ;  but  the  receipt  of  your  kind  letter  mates  me  to  know 
that  though  I  forget,  I  ;im  uo(  ti'rgottcn,  and  though  1  am  not  able  to  remem- 
ber at  the  end  of  a  bne  what  wns  said  at  the  beginning  0f  it,  the  imperfect 
marks  will  convey  to  you  some  sense  of  what  1  long  to  say.  We  had  heard  of 
your  illness  through  Miss  Hoore,  and  I  was  therefore  very  glad  to  learn  that 
you  are  now  quite  well  ;  do  not  run  too  many  risks,  or  moke  your  happineai 
depend  too  much  upon  dangers,  or  the  hunting  of  them.  Sometimes  the  very 
thinking  of  you  and  what  you  may  be  about  wearies  me  with  fears,  and  then 
the  cogitations  pause  and  change,  but  without  giving  uie  rest.  I  know  that 
much  of  this  dc)  etuis  upon  my  own  worn-out  nature,  and  1  do  not  know  why 
I  write  it,  save  that  when  I  write  to  you  I  cannot  help  thinking  it,  and  the 
thoughts  stand  in  tho  way  of  other  matter. 

"  See  what  n  strange  desultory  epistle  I  am  writing  to  you,  and  yet  I  feel 
bo  weary  thai  1  long  to  leave  my  desk  and  go  to  the  couch. 

"  My  dear  wife  and  Jane  desire  their  kindest  remembrances,  I  hear  them 
in  the  nest  room ;     ....     I  forget — but  not  you,  my  dear  Tynda.ll,  for 


This  weariness  subsided  when  he  relinquished  his  work,  and  I 
have  a  cheerful  letter  from  him,  written  in  the  autumn  of  1866, 
But  towards  the  close  of  that  year  ho  had  an  attack  of  illness,  from 
which  he  never  completely  ralliod.  He  continued  to  attend  the  Friday 
Evening  Meetings,  hut  the  advance  of  infirmity  was  apparent  to  us 
all.  Complete  rest  became  finally  essential  to  him,  and  he  ceased  to 
appear  amongst  us.  There  was  no  pain  in  his  decline  to  trouble  tho 
memory  of  those  who  loved  him.  Slowly  and  peacefully  ho  Rank 
towards  his  final  rest,  and  when  it  came,  his  death  was  a  falling  asleep. 
In  the  fulness  of  his  honours  and  of  his  age  he  quitted  lis  ;  the  good 
fight  fought,  tho  work  of  duty — shall  I  not  say  of  glory — done. 
The  "Jane"  referred  to  in  the  foregoing  Liler  in  Faraday's  nioce^ 
Misa  Jane  Barnard,  who  with  an  aftbetion  raised  almost  to  religions 
devotion,  watched  him  and  tended  him  to  the  end. 

I  saw  Mr.  Faraday  for  tho  first  time  on  my  return  from  Marburg 
in  1850.  I  came  to  tho  Royal  Institution,  and  sent  up  my  card 
with  a  copy  of  the  paper  which  Knoblauch  and  myself  had  just  com- 
pleted. Ho  came  down  and  conversed  with  me  for  half-an-hour.  I 
could  not  fail  to  remark  tho  wonderful  play  of  intellect  and  kindly 
feeling  exhibited  hy  his  countenance.  When  he  was  in  good  health 
tho  question  of  his  ago  would  never  occur  to  you.  In  the  light  and 
laughter  of  his  eyes  you  never  thought  of  his  gray  hairs.     He  was 
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then  on  the  point  of  publishing  ono  of  his  papers  on  magno-crystallio 
action,  and  he  had  time  to  refer  in  a  flattering  note  to  the  memoir  I 
placed  in  his  hands.  I  returned  to  Germany,  worked  there  for  nearly 
another  year,  and  in  June,  1851,  came  buck  finally  front  Berlin  to 
England.  Then,  for  the  first  time,  and  on  my  way  to  the  meeting  of 
the  British  Association,  at  Ipswich,  I  met  a  man  who  has  since 
made  hts  mark  upon  the  intellect  of  his  time,  who  has  lung  been,  and 
who  by  the  strong  law  of  natural  affinity  must  continue  to  be  a 
brother  to  me.  We  were  both  without  definite  outlook  at  the  time, 
needing  proper  work,  and  ouly  anxious  to  have  it  to  perform.  The 
chairs  of  Natural  History  and  of  Physics  being  advertised  as 
vacant  in  the  University  of  Toronto,  we  applied  for  them,  he  for 
the  one,  I  for  the  other;  but,  possibly  guided  by  a  prophetic  instinct, 
the  University  authorities  declined  having  anything  to  do  with  either 
of  as.     If  I  remember  aright,  we  were  equally  unlucky  elsewhere. 

One  of  Faraday's  earliest  letters  to  me  had  reference  to  this 
Toronto  business,  which  ho  thought  it  unwise  in  me  to  neglect.  But 
Toronto  had  its  own  notions,  and  in  1 853,  at  the  instance  of  Dr.  Bence 
Jones,  and  on  the  recommendation  of  Faraday  himself,  a  chair  of 
physics  at  the  Royal  Institution  was  offered  to  inc.  I  was  tempted  at 
the  nine  time  to  go  elsewhere,  but  a  strong  attraction  drow  mo  to  his 
aide.  Let  me  say  that  it  was  mainly  his  and  etna  friendships,  precious 
to  me  beyond  all  expression,  that  caused  mo  to  value  ray  position  here 
more  highly  than  any  other  that  could  be  offered  to  me  in  this  land. 
Nor  is  it  for  its  honour,  though  surely  that  in  great,  but  for  the  strong 
personal  ties  that  bind  me  to  it,  that  I  now  chiefly  prize  this  place. 
Too  might  not  credit  me  were  I  to  tell  you  how  lightly  I  value  tho 
honour  of  being  Faraday's  successor  compared  with  the  honour  of 
having  been  Faraday's  friend.  His  friendship  was  an  energy  and 
inspiration  ;  hie  "  mantle  "  is  a  burden  almost  too  heavy  to  be  borne. 
Sometimes  during  the  last  year  of  his  life,  by  the  permission  or 
invitation  of  Mrs,  Faraday,  I  wont  up  to  his  rooms  to  sec  him.  Tho 
deep  radiance,  which  in  his  time  of  strength  flashed  with  such  extra- 
ordinary power  from  his  countenance,  had  subsided  to  a  calm  and 
kindly  light,  by  which  my  latest  memory  of  him  is  warmed  and 
illuminated.  I  knelt  one  day  beside  him  on  the  carpet  and  placed 
my  hand  upon  his  knee,  he  stroked  it  affectionately,  smiled,  and 
murmured,  in  a  low,  soft  voice,  the  lost  words  that  I  remembor  as 
having  been  spoken  to  mo  by  Michael  Faraday. 

It  was  my  wish  and  aspiration  to  play  the  part  of  Schiller  to 
this  Gnetho  ;  and  he  was  at  timos  so  strong  and  joyful, — his  body 
so  active,  and  his  intellect  so  clear, — as  to  suggest  to  me  the  thought 
that  he,  like  Goethe,  would  see  the  younger  man  laid  low.  Destiny 
ruled  otherwise,  and  now  he  is  but  a  memory  to  us  all.  Surely  no 
memory  could  be  more  beautiful.  He  was  equally  rich  in  mind  and 
heart.  The  fairest  traits  of  a  character  sketched  by  Paul,  found  in 
bun  perfect  illustration.  For  he  waa  "  blameless,  vigilant,  sober,  of 
good  behaviour,  apt  to  teach,  not  given  to  filthy  lucro."     He  *    * 
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a  trace  of  worldly  ambition,  he  declared  Lis  duty  to  his  Sovereign  by 
going  to  the  levee  once  a  year,  bnt  beyond  this  he  never  sought  con- 
tact with  the  great.  The  life  of  his  spirit  and  of  his  intellect  were 
so  full,  that  the  things  which  men  most  strive  after  were  absolutely 
indifferent  to  him.  "Give  me  health  and  a  day,"  says  the  brave 
Emerson,  "  and  I  will  make  the  pomp  of  emperors  ridiculous."  In 
an  eminent  degree  Faraday  could  say  the  same.  What  to  him  was 
the  splendour  of  a  palace  compared  with  a  thunderstorm  upon  Brighton 
Downs  ? — what  among  all  the  appliances  of  royalty  to  compare  with 
the  setting  sun  ?  I  refer  to  a  thunderstorm  and  a  sunset,  because 
these  things  excited  a  kind  of  ecstasy  in  his  mind,  and  to  a  mind 
open  to  such  ecstasy  the  pomps  and  pleasures  of  the  world  are  usually 
of  small  account.  Nature,  not  education,  rendered  Faraday  strong 
and  refined.  A  favourite  experiment  of  his  own  was  representative 
of  himself.  He  loved  to  show  that  water  in  crystallizing  excluded 
all  foreign  ingredients,  however  intimately  they  might  be*  mixed  with 
it.  Out  of  acids,  alkalis,  or  saline  solutions,  the  crystal  came  sweet 
and  pure.  By  some  such  natural  process  in  the  formation  of  this 
man,  beauty  and  nobleness  coalesced,  to  the  exclusion  of  everything 
vulgar  and  low.  He  did  not  learn  his  gentleness  in  the  world,  for 
he  withdrew  himself  from  its  culture ;  and  still  this  land  of  England 
contained  no  truer  gentleman  than  he.  Not  half  his  greatness  was 
incorporated  in  his  science,  for  science  could  not  reveal  the  bravery 
and  delicacy  of  his  heart. 

But  it  is  time  that  I  should  end  these  weak  words,  and  lay  my 
poor  garland  on  the  grave  of  this 


"  Just  and  faithful  kuight  of  God." 
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WEEKLY  EVENING  MEETING, 
Friday,  January  31,  1868. 
John  Pstbr  Gabhiot,  Eaj.  F.K.S.  Vice-President, 
The  Rot.  F.  W.  Fabbab,  M.A.  F.R.& 

On  Public  School  Education. 

So  far  from  being  half  finished,  the  real  buttle  for  educational  reform 
has  hardly  begun.  Latin  and  Greek  still  continue  to  be  the  all  I 
(exclusive  staple  of  our  education,  and  though  a  classical  trainhi 
conducted  on  wise  principles  and  wit.li  reasonable  mellnieb'  is  i.f  tho 
highest  value,  yet  the  many  and  serious  evils  which  our  pJreent  system 
of  it  involves  hnvo  bouD.  resolutely  ignored.  The  yoke  of  the  Greek 
and  Latin  languages  has  been  made  needlessly  humiliating  and  need- 
lessly heavy:  taken  alone,  it  is  doubtful  whether  they  furnish  the  best 
mental  discipline  for  any,  but  certain  that  they  do  not  furnish  even  a 
good  discipline  fur  all;  and  they  remain  to  this  day  entrenched  behind 
a  mottntaiu-heap  of  fallacies,  of  which  no  small  number  ought  to  have 
been    banished   ignomiuiously  to   the 

But  even  if  all  the  arguments  in  fa' 
cation  were  as  tonablo  as  half  of  them  a: 

of  it  is  a  complete  and  disastrous  failure  ;  and  that  it  is  so  may  be 
largely  demonstrated  alike  by  the  criticism  of  its  enemies,  and  tho 
repeated  confession:)  of  its  friends.  And  if  this  be  so,  it  is  our  clear 
duty  as  Englishmen,  as  patriots,  nay,  even  as  mere  honest  men,  to  make 

■that  system  more  worthy  of  its  immense-  imjwrtance  and  of  our  national 
prestige. 

It  would  be  cosy  to  adduce  tho  testimony  of  many  eminent  scholars 
to  tho  humiliating  ignorance  on  a  multitude  of  subjects  which  has 

.been  the  inevitable  result  of  years  exclusively  devoted  to  two  dead 
languages ;  but  the  cose  of  the  vast  majority  of  boys  who  do  not 
become  scholars  in  any  sense  of  tho  word  is  still  more  to  be  deplored. 
People  read  glowing   estimates  of  Greek   and  Roman   literature,  and 

'take  them  for  a  defence  of  classical  education.  There  could  not  be  a 
greater  delusion.  Hundreds  of  hoys  after  years  of  expensive  training 
know  far  less,  and  have  fur  less  real  culture,  than  their  sisters  who 
have  only  had  the  modest  aid  of  a  single  governess.  They  know 
lathing,  except  porhaps  the  merest  and  most  useless  smattering  of 
Vol.  V.     (No.  48.)  x 
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modem  languages,  of  history,  of  mathematics,  or  of  science ; 
they  want  to  pass  in  a  competitive  examination  they  must  be  hastily 
sent  to  some  professional  tutor  to  have  their  minds  crammed  for  the 
purpose  like  a  hurriedly-pack od  portmanteau.  The  parent  comforts 
himself  that  their  education  has  boen  purely  literary  ;  but  this  purely 
literary  education  has  somehow  left  them  wilh  n  bad  handwriting,  with 
very  vague  notions  of  spelling,  and  with  minds  that  can  find  satisfaction 
in  nothing  higher  than  sensational  novels.  Tin.-  parents  t:ike  refuge  in 
the  belief  that  at  least  their  boys  know  Latin  and  Greek  ;  but  this  is 
infinitely  far  from  being  the  case;  of  the  vocabulary  they  possibly 
know  a  little,  but  of  the  grammar  less,  and  of  the  literature  nothing  at 
all.  It  is  certain  that  thuy  will  never  open  a  Greek  or  Latin  book 
again ;  and  for  those  jialtry  and  miserable  results  they  have  all  but 
sacrificed  the  happy  seed-lime  during  which  so  much  might  have  been 
accomplished.  The  evidence  of  these  facts,  evidence  given  by  most 
friendly  witnesses,  stands  in  the  Coin  miss  ion  lieports  undisputed  and 
indisputable,  It  shows  that  for  many  a  boy  tho  years  of  school-life 
arc  wasted.  It  is  as  though  lie  stood  in  the  midst  "f  a  boundless  plain, 
waving  on  every  side  with  golden  corn,  in  tho  midst  of  which,  trained 
to  despise  tho  sickle  ns  vulgar,  and  the  harvest  as  utilitarian,  he  had 
been  taught  for  years  to  occupy  his  time  in  plucking  a  few  petals  of 
the  scarlet  poppies,  which  are  crumpled  us  lie  gathers  them,  and  which 
grow  rank  and  flaccid  even  during  the  few  momeuts  that  he  holds  them 
in  his  hand, 

The  question  then  is,  not  whether  education  is  to  be  literary  or 
scientific,  bat  whether  it  is  to  be  scientific  or  nil ;  the  struggle  is  not 
between  science  and  literature,  but  between  something  and  nothing, 
between  science  and  uoscionce,  between  intellectual  culture  and  its 
almost  total  absence.  It  is  a  melancholy  fact,  but  it  is  a  fact,  tliat  at 
present  wo  strugglo  almost  in  vain  against  the  two  potent  elements  of 
intellectual  progress-  -extravagant  athleticism  on  tho  one  hand,  and 
promiscuous  sensation-reading  uii  the  other,  of  which  the  one  poisons 
and  effeminates  the  mind,  the  other  often  tasks  and  overstrains  the 
body  ;  the  one  absorbs  the  strenuous  ambition  which  might  have  been 
devoted  to  nobler  objects,  the  other  wastes  the  inestimable  leisaro 
which  might  else  have  been  rich  in  mental  and  moral  benefits  for 
our  country  and  for  mankind. 

What,  then,  is  to  bo  done  ?  Some  would  say,  "  Bobstitute  for  yonr 
simulacrum  of  Greek  and  Latin,  nn  education  which,  if  less  pretentions, 
shall  at  least  bo  real  and  Bound,  in  modem  languages,  in  literature, 
and,  above  all,  in  science."  But  it  would  be  a  great  disaster  if  there 
were  supposed  to  be  any  antagonism  between  science  and  litera- 
ture ;  both  are  indispensable  ;  each  of  them  is  an  absolutely  essential 
factor  in  an  education  pretending  to  bo  liberal.  Tct  our  present  ' 
system  is  neither  literary  nor  scientific,  whereas  it  is  perfectly  certain 
that  it  might  be  both. 

If,  however,  schoolmasters  assert  and  assume  that  a  boy  cannot 
be  taught  both  literature  and  science,  and  if  by  literature  we  are  to 
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understand  Latin  and  Greek,  then,  while  entirely  disputing  the  asser- 
tion, oar  choice  would  be  clear  to  abandon  Latin  and  Greek  altogether 
far  English,  for  modern  languages,  and  for  science.  But  an  education 
may  be  literary,  in  a  very  high  sense  of  the  word,  without  embracing 
the  two  dead  languages ;  and  many  a  boy  would  know  far  more  of 
literature  than  he  has  now  any  opportunity  of  doing,  if  ho  confined 
himself  to  the  magnificent  poetry  and  unsurpassable  eloquence  which 
he  may  find  in  large  abundance  in  the  neglected  treasure-houso  of  our 
great  English  authors. 

Such  a  training  would  be  more  useful  than  any  which  a  boy  now 
receives  in  Greek  and  Latin.     There  is  an  absurd  prevalence  of  tlio 
u  worship  of  inutility."     If  it  be  assumed — and  it  is  a  very  question- 
able assumption — that  it  is  mainly  by  words  that  we  learn  things,  even 
then  we  should  be  inexcusable  for  wasting  six  or  seven  long  precious 
years  in  not  learning  Greek  and  Latin.     Many  great  linguists  havo 
Added  nothing  to  human  knowledge,  and  the  Greeks,  our  vaunted 
models  of  stylo  and  insight,  knew  no  word  of  any  language  but  their 
own,  and  were  absolutely  unacquainted  with  the  terms  and  principles 
of  their  own  grammar.     Yet,  were  they  illiterate  ?     They  knew  little 
of  words,  but  they  made  up  for  it  by  thought  —by  that  power  of  deep 
^flection  which  makes  facts  luminous  with  meaning — by  that  earnest 
concentration  of  resolute  attention  on  which  have  dawned  some  of 
the  most  splendid  daybreaks  of  human  discovery. 

And,  if  it  were  necessary  to  moke  a  choice  between  a  classical  and 
I  scientific  training,  there  are  many  obvious  reasons  for  regarding  the 
latter  as  the  more  natural,  the  better,  and  tlio  happier  of  the  two.  Tho 
reason  why  people  doubt  it  now,  is  because  tho  majority  are  so  pro- 
foundly ignorant  of  what  science  is,  and  what  a  training  in  scieneo 
really  implies.  But  no  such  exclusive  choice  is  necessary.  We  ought 
to  teach  both  literature  and  science;  and  to  do  so  is  perfectly  possible, 
though  not  perhaps  with  our  present  programmes,  our  present  methods, 
or  possibly  even  with  our  present  teachers.  No  system  ought  to  be 
regarded  as  intellectually  satisfactory  which  does  not  produco  the 
following  results : — That  every  boy  of  average  ability  leaving  school 
at  18  or  19  should  be  able  to  read  at  sight  any  easy  author  in  Greek 
and  Latin ;  that  ho  should  be  well  grounded  in  arithmetic,  algebra, 
and  geometry ;  that  he  should  understand  French  and  German,  and  if 
possible  speak  one  of  the  two  ;  that  he  should  be  able  to  read  his  own 
language  well,  to  write  it  intelligently,  and  to  show  some  familiarity 
with  it*  greatest  literature';  that  he  should  have  a  sound  knowledge  of 
history  and  geography ;  and  lastly,  that  ho  should  be  acquainted  with 
the  nature  and  greatest  results  of  the  sciences  in  general,  and  have  a 
more  minute,  practical,  and  experimental  acquaintance  with  one  of 
them  at  least. 

The  remainder  of  tho  discourse  was  devoted  to  illustrating  and 
proving  tho  fact  that  such  results,  or  results  closely  analogous  to  them, 
had  constantly  been  attained  in  past  times,  arc  at  the  present  moment 
frequently  attained  in  other  countries,  and  might  at  any  moment  Ik? 

x  a 


276  General  Monthly  Meeting.  [Feb.  3, 

attained  by  right  methods  in  our  own ;  and  the  speaker  concluded  by 
pointing  out  the  increasingly  disastrous  national  consequences  which 
arise  from  our  continuance  of  an  inadequate  system,  the  utility  of 
which  has  been  immensely  diminished  by  the  growth  of  modern  civili- 
zation, and  which,  while  it  ignores  and  neglects  much  that  is  now 
indispensable  to  all  high  culture,  fails  to  accomplish  even  its  own 
partial  and  insufficient  aims. 

[F.  W.  F.] 


GENERAL  MONTHLY  MEETING, 

Monday,  February  3,  1868. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

Arthur  Tomple  Felix  Clay,  Esq. 
Rev.  B.  W.  Gibsono,  M.A. 
John  Eymer,  Esq. 
James  Murray,  Esq. 
Mrs.  S.  Ralli, 

were  elected  Members  of  the  Royal  Institution. 

The  Managers  reported,  That  at  their  Meeting,  held  on  January 
27th,  1868,  the  following  Resolution  was  passed  unanimously  : — 

"  The  Managers  desire  to  thank  Mrs.  Faraday  for  continuing  the  Superin- 
"  tendence  of  the  House  to  the  end  of  last  year ;  and  at  this  their  first  meeting 
"  of  the  present  year,  they  wish  to  express  their  sense  of  the  great  debt  which 
"  they  owe  to  Mr.  Faraday,  by  resolving  unanimously  to  propose  to  the 
"  Members,  that  an  Annuity  of  1507.  be  offered  to  Mrs.  Fanwlay  from  the  1st 
"  of  January,  1868." 

Proposed  by  Dr.  Benok  Jones,  seconded  by  Mr.  William  Pols, 
and  Resolved  unanimously : — 

"  That  an  Annuity  of  150/.  be  offered  to  Mrs.  Faraday  from  the  1st  of 
"  January,  1868,  and  that  she  be  requested  to  accept  this  Resolution  as  an 
44  indication  of  the  feelings  of  gratitude  of  the  Members  to  one  who  so  long 
"  and  so  well  did  everything  for  the  good  of  the  Institution." 

The  special  thanks  of  the  Members  were  returned  to  Mrs.  Bablow 
for  her  Seventh  Annual  Donation  of  £5.  5*. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
additions  to  "  the  Donation  Fund  for  the  Promotion  of  Experimental 
Researches" : — 

Alfred  Davis,  Esq.  (2nd  demotion}       •         .  .  £21  0  0 

J.  Oarrick  Moore,  Esq.  {5th  annual  donation)  .  10  0  0 

John  Peter  Gaseiot,  Esq.  {5th  annual  donation)  .  20  0  0 

William  Dell,  Esq.  (2nd  donation)       .        .  .  5  5  0 
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The  Presents  received  since  the  last  Moeting  wore  laid  on  the  table, 
and  the  thanks  of  the  Members  returned  for  tho  same,  viz. : — 

FROM 

Secretary  of  State  for  India — Bombay  Magnetical  and  Meteorological  Observa- 
tions, 1864.    4to.     1867. 
British  Museum  Trustees— Catalogue  of  HcteropterouB  Hemiptera.    Part  II.     8vo. 

1867. 
Actuaries,  Institute  o/— Journal,  No.  70.    8vo.     1867. 
Agricultural  and  Commercial  Society,  Royal — Catalogue  of  Contributions   from 

British  Guiana  to  the  Paris  Universal  Exhibition.    (K  95)    8vo.    1867. 
Anti'ptarie*,  Society  o/— Archax>logia,  Vol.  XL1.  Part  1.    4to.     1867. 

Proceedings,  Vol.  in.  Nos.  3-6.    8vo.     1866-7. 
Astronomical  Society \  Royal — Monthly  Notices,  Vol.  XXVIII.   Nos.  1,  2.    8vo. 

1*67-8. 
Basel  Natural  Uisiory  Society— Verhaudlungen,  Band  IV.  Heft  4.    8vo.     1807. 

Featredr,  u.  s.  w.    8vo.     1867. 
Bremen  SaturwissenschafUiclie  Vereins — Abhandlungen.     Band  I.  Heft  2.     8vo. 

1867. 
Britidt  Architects,  Royal  Institute  ©/—Sessional  Papers,  Nos.  1-5.    4to.    1867-8. 
Chemind  Society— Journal  for  Dec.  1867  and  Jan.  1868.    8vo. 
Civil  Engineers  Institution— Minutes  of  Proceedings,  Vol.  XXVI.     8vo.     1867. 
Dart's.  Alfred,  E*q,  M.R.I. — Reports  of  Artisans  selected  by  a  Committee  "of  tho 

Society  of  Arts  to  visit  the  Paris  Universal  Exhibition.    8vo.     1867. 
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in  the  Chair. 

Professor  Huxley,  LLJD.  F.E.S. 

On  the  Animals  which  are  most  nearly  intermediate  between  Birds 

and  Beptiles. 

Those  who  hold  the  doctrine  of  Evolution  (and  I  am  one  of  them) 
conceive  that  there  are  grounds  for  believing  that  the  world,  with  all 
that  is  in  it  and  on  it,  did  not  oome  into  existence  in  the  condition  in 
which  we  now  see  it,  nor  in  anything  approaching  that  condition. 

On  the  contrary,  they  hold  that  the  present  conformation  and  com- 
position of  the  earth's  crust,  the  distribution  of  land  and  water,  and 
the  infinitely  diversified  forms  of  animals  and  plants  which  constitute 
its  present  population,  are  merely  the  final  terms  in  an  immense  series 
of  changes  which  have  been  brought  about,  in  the  course  of  immeasur- 
able time,  by  the  operation  of  causes  more  or  less  similar  to  those 
which  are  at  work  at  the  present  day. 

Perhaps  this  doctrine  of  Evolution  is  not  maintained  consciously 
and  in  its  logical  integrity  by  a  very  great  number  of  persons.*  But 
many  hold  particular  applications  of  it  without  committing  themselves 


*  The  only  complete  and  systematic  statement  of  the  doctrine  with  which  I 
am  acquainted  is  that  contained  in  Mr.  Herbert  Spencer's  '  System  of  Philosophy;' 
a  work  which  should  be  carefully  studied  by  all  who  desire  to  know  whither 
pcicntiflc  thought  is  tending. 
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to  the  whole ;  and  many,  on  the  other  hand,  favour  the  general  doctrine 
without  giving  an  absolute  assent  to  its  particular  applications. 

Thus,  one  who  adopts  the  nebular  hypothesis  in  Astronomy,  or  is 
I  Uniformitarian  in  Geology,  or  a  Darwinian  in  Biology,  is,  so  far,  an 
adherent  of  the  doctrine  of  Evolution. 

And,  as  I  can  testify  from  personal  experience,  it  is  possiblo  to 
have  a  complete  faith  in  the  general  doctrine  of  Evolution  and  yet  to 
hesitate  in  accepting  the  Nebular,  or  the  Uniformitarian,  or  tho  Dar- 
winian hypotheses  in  all  their  integrity  and  fullness.  For  many  of  the 
objections  which  are  brought  against  these  various  hypotheses  affect 
them  only,  and  even  if  they  be  valid,  leave  tho  general  doctrine  of 
Evolution  untouched. 

On  the  other  hand,  it  must  be  admitted  that  some  arguments  which 
are  adduced  against  particular  forms  of  the  doctrine  of  Evolution, 
would  very  seriously  affect  the  whole  doctrine  if  they  were  proof 
against  refutation. 

For  example,  there  is  an  objection  which  I  sec  constantly  and 
confidently  urged  against  Mr.  Darwin's  views,  but  which  really  strikes 
at  the  heart  of  tho  whole  doctrine  of  Evolution,  so  far  as  it  is  applied 
to  the  organic  world. 

It  is  admitted  on  all  sides  that  existing  animal*  and  plants  are 
marked  out  by  natural  intervals  into  sundry  very  distinct  groups : — 
Insects  are  widely  different  from  Fish — Fish  from  Reptiles  —  lleptilcs 
from  Mammals — and  so  on.  And  out  of  this  fact  arises  the  very  per- 
tinent objection,  How  is  it,  if  all  animals  have  proceeded  by  gradual 
in ■  xl ideation  from  a  common  stock,  that  these  great  gaps  exist ? 

We,  who  believe  in  Evolution,  reply,  that  these  gaps  were  once 
non-existent ;  that  the  connecting  forms  existed  in  previous  epochs  of 
the  world's  history,  but  that  they  have  died  out. 

Naturally  enough  then  we  are  asked  to  produce  those  extinct  forms 
of  life.  Among  the  innumerable  fossils  of  all  ages  which  exist,  we 
are  asked  to  point  to  those  which  constitute  such  connecting  forms. 

Our  reply  to  this  request  is,  in  most  cases,  an  admission  that  such 
forms  are  not  forthcoming,  and  we  account  for  this  failure  of  the 
needful  evidence  by  the  known  imperfection  of  the  geological  record. 
We  say  that  the  series  of  formations  with  which  we  are  acquainted  is 
but  a  small  fraction  of  thoso  which  have  existed,  and  that  between 
those  which  we  know  there  are  great  breaks  and  gaps. 

I  believo  that  these  excuses  have  very  great  force  ;  but  I  cannot 
smother  the  uncomfortable  feeling  that  they  are  excuses. 

If  a  landed  proprietor  is  asked  to  produce  tho  title-deeds  of  his 
estate,  and  is  obliged  to  reply  that  some  of  them  were  destroyed  in  a 
fire  a  century  ago,  that  some  were  carried  off  by  a  dishonest  attorney, 
and  that  tho  rest  are  in  a  safe  somewhere,  but  that  he  really  ca  mot 
lay  his  hands  upon  them;  he  cannot,  1  think,  feel  pleasantly  so -lire, 
though  all  his  allegations  may  be  correct  and  his  ownership  indis- 
putable. But  a  doctrine  is  a  scientific  estate,  and  the  holder  must 
always  bo  able  to  produce  his  title-deeds,  in  the  way  of  direct  evi- 


dence,  or  toko  the  penalty  of  tint  peculiar  discomfort  to  which  I  have 
referred. 

You  will  not  be  surprised,  therefore,  if  I  take  this  opportunity  of 
pointing  out  that  the  objection  to  the  doctrine  of  Evolution,  drawn 
from  the  supposed  aliseiice  of  iiilenin.dii.ti_>  forms  in  the  fossil  state, 
certainly  does  not  hold  good  in  all  cases.  In  short,  if  I  cannot 
produce  the  complete  title-dew  Is  of  the  d<«.:triuo  of  animal  Evolution, 
I  am  able  to  show  a  considerable  piece  of  parchment  evidently 
belonging  to  them. 

To  superficial  observation  no  two  groups  of  being*  can  appear  to 
be  more  entirely  dissimilar  than  Reptiles  and  Birds.  Placed  side  by 
Bide,  a  Humming-bird  and  a  Tortoise,  an  Ostrich  and  a  Crocodile, 
offer  the  strongest  contrast,  and  a  Stork  seems  to  have  little  but 
animality  in  common  with  the  Snake  it  swallows. 

Careful  investigation  has  shown,  indeed,  tliat  these  obvious  differ- 
ences are  of  a  much  more  superficial  character  than  might  have  been 
suspected,  and  that  Reptiles  and  Birds  do  really  agree  much  more 
closely  than  Birds  wil.li  Mam. ..ids,  or  Reptiles  with  Amphibians.  Bnt 
still,  "though  uot  as  wide  as  a  church-door  or  as  deep  as  a  well," 
the  gap  between  the  two  groups,  in  the  present  world,  is  considerable 
enough. 

Without  attempting  to  plungo  you  into  the  depths  of  anatomy, 
and  confining  myself  to  that  osscuiis  system  t<>  which  those  who  desire 
to  compare  extinct  with  living  animals  are  almost  entirely  restricted, 
I  may  mention  the  folluwing  us  the  most  imp<irt;_i.l  differences  between 
all  the  Birds  and  Reptiles  which  uf.  present  exist. 

1.  The  pinion  of  a  Bird,  which  answers  to  the  hand  of  a  mart  or 
to  the  forepaw  of  a  Reptile,  contains  neither  more  nor  fewer  than 
three  fingers.  These  answer  to  the  thumb  and  the  two  succeeding 
fingers  in  man,  and  have  their  metacarpals  connected  together  by  firm 
bony  union,  or  ankylosed.  Claws  are  developed  upon  the  ends  of 
at  most  two  of  the  three  fingers  (that  answering  to  the  thumb  and  the 
next),  and  are  sometimes  entirely  absent. 

No  Reptile  with  well-developed  forclimhs  has  su  few  as  three 
fingers;  nor  are  the  metacarpal  bones  of  these  ever  united  together; 
nor  do  they  present  fewer  than  tlircr  claws  at  their  terminations. 

2.  The  breast-bone  of  a  Bin!  becomes  converted  into  a  membrane- 
bone,  and  ossification  commences  in  it  from  at  least  two  centres. 

The  brcost-beue  of  no  Reptile  becomes  converted  into  membrane- 
bone,  nor  does  it  ever  ossify  from  si  vend  distinct  centres. 

3.  A  considerable  number  of  caudal  and  lumbar,  or  dorsal,  vor- 
tcbraj  unite  together  with  the  proper  sacra!  vertebra,  of  a  Bird  to 
form  its  "sacrum."  In  Reptiles  the  same  region  of  tbo  spine  is  consti- 
tuted by  the  one  or  two  sacral  vertebne. 

4.  In  Birds  the  haunch-bone  (ilium)  extends  far  in  front  of,  as 
well  as  behind,  tho  acetabulum  ;    the  ischia  and  puhes  are  directed 
backwards,  almost  parallel  with  it  and  with  one  another;  the  ii 
do  not  unite  in  the  ventral  middle  line  of  the  body. 
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In  Reptiles,  on  the  contrary,  tbe  haunch-bone  is  not  produced  in 
front  of  the  acetabulum  ;  and  the  axes  of  the  ischia  and  pubes  diverge 
and  lie  more  or  less  at  right  angles  to  that  of  the  ilium.  The  ischia 
always  unite  in  the  middle  ventral  line  of  the  body. 

0.  In  all  Birds  the  axis  of  the  thigh-bone  lies  nearly  parallel  with 
the  median  plane  of  the  body  fas  in  ordinary  Mammalia)  in  the 
natural  position  of  the  leg.  In  Reptiles  it  stands  out  at  a  more  or  less 
open  angle  with  the  median  plane. 

6.  In  Birds  one  half  of  the  tarsus  is  inseparably  united  with  the 
tibia,  the  other  half  with  the  metatarsal  bone  of  the  foot.  This  is  not 
the  case  in  Reptiles. 

7.  Birds  never  have  more  than  four  toes,  the  fifth  being  always 
absent.  The  metatarsal  of  the  hallux,  or  great  toe,  is  always  short 
and  incomplete  above.  The  other  metatarsals  are  ankylosed  together, 
and  unite  with  one  half  of  the  tarsus,  so  as  to  form  a  single  bone, 
which  is  called  the  tarsametatarms. 

Reptiles  with  completely  developed  hind-limbs  have  at  fewest 
fuur  toes,  the  metatarsals  of  which  are  all  complete  and  distinct  from 
one  another. 

Although  all  existing  Birds  differ  thus  definitely  from  existing 
Reptiles,  one  comparatively  small  section  comes  nearer  Reptiles  than 
the  others.  These  are  the  HatiUe,  or  struthious  birds,  comprising 
the  Ostrich,  Rhea,  Emeu,  Cassowary,  Apteryx,  and  the  but  recently 
extinct  (if  they  bo  really  extinct)  birds  of  New  Zealand,  D\ norm's,  &c., 
which  attained  gigantic  dimensions.  All  these  birds  arc  remarkable 
for  the  small  size  of  their  wings,  the  absence  of  a  crest  or  keel  upon 
the  breastbone,  and  of  a  complete  furcula:  in  many  cases,  for  the  late 
union  of  the  bones  of  the  pinion,  the  foot,  and  the  skull.  In  this  last 
character,  in  the  form  of  the  sternum,  of  the  shoulder-girdle,  and  in 
some  peculiarities  of  the  skull,  these  birds  are  more  reptilian  than  the 
rest ;  but  the  total  amount  of  approximation  to  the  reptilian  typo  is 
but  small,  and  the  gap  between  Reptiles  and  Birds  is  but  very  slightly 
narrowed  by  their  existence. 

How  far  can  this  gap  be  filled  up  by  a  reference  to  tho  records  of 
the  life  of  past  ages  ? 

This  question  resolves  itself  into  two : — 

1.  Are  any  fossil  Birds  more  reptilian  than  any  of  those  now 
living  ? 

2.  Arc  any  fossil  Reptiles  more  bird-like  than  living  reptiles  ? 
And  I  shall  endeavour  to  show  that  both  these  questions  mu*t  be 
answered  in  the  affirmative. 

It  is  very  instructive  to  note  by  how  mere  a  chance  it  is  wo 
happen  to  know  that  a  fossil  bird,  more  reptilian  in  some  respects 
than  any  now  living,  once  existed. 

Bones  of  birds  have  been  obtained  from  rocks  of  verv  various 
dates  in  the  Tertiarv  series  without  revealing  anv  forms  but  such  as 
would  range  themselves  among  existing  families. 
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A  few  yours  ago  tho  great  Mesozoic  formations  had  yielded  only 
the  few  fragmeutary  oruitlmlitos  which  have  been  discovered  in  the 
Cambridge  grcensand,  and  which  wo  insufficient  for  the  complete 
determination  of  the  umiulh  s  id'  the  bird  to  which  they  belonged. 

However,  the  very  fine  calcareous  mud  of  the  uncient  oolitic  sba- 
bottom  which  has  now  hardened  into  the  famous  lithographic  slate  of 
Solenhofen,  and  haw  preserved  innumerable  delicate  organisms  of  the 
existence  of  which  we  should  other  wise  have  been,  in  id!  probability, 
totally  ignorant,  in  1601  revoaled  the  impression  of  a  feather  to  the 
famous  paleontologist,  Herman  von  Meyer.  Von  Meyer  named  the 
unknown  bird  to  which  this  feather  belonged  Ai-  7i.rn^'',n/j-  lil/unjrtijihii-u, 

and  in  the  same  year,  tho  independent  discovery  by  lir.  Hal>oilem  of 
the  precious  skeleton  of  the  Atxhtoptarfa  itjtaHj  which  now  adorns 
the  British  Museum,*  demonstrated  tho  chief  characters  of  this  vary 
early  bird.  But  it  must  be  remembered  that  this  feather  anil  this 
imperfect  skeleton  arc  the  nolo  remains  of  birds  which  have  yet  been 
obtained  in  all  that  great  series  of  formations  known  as  Weulden 
Oolite,  which  partly  lie  above  and  partly  correspond  with,  the  Suh 
hofen  slates. 

Though  some  palaeontologists  may  bo  forced  by  a  s 
aistency  to  declare  that  the  class  of  birds  was  created  in  tho  sole 
person  of  Archriyplwyx.  during  the  deposition  of  the  Scdotihofen  slates, 
and  disappeared  during  the  Woaldeij,  to  be  re  created  in  the  Greeusand, 
to  vanish  once  more  during  tho  Cretaceous  epoch  and  reappear  in  the 
Tertiaries,  I  incline  to  the  hypothesis  that  many  birds  beside  At- 
chwpti'rtj.1-  existed  throughout  all  this  period  of  time,  and  that  we 
know  nothing  about  them,  simply  because  we  do  not  happen  to  have 
hit   upon  those  deposits  in  which  their  remains  are  preserved. 

Now,  what  is  this  Ar<-hu-opU-:iix  like  -  I'nl'orturialely,  tho  skull  is 
lost,  but  tho  log  and  foot,  the  pelvis,  the  shoulder-girdle,  and  the 
feathers,  so  far  as  their  structure  can  be  made  out,  are  completely 
those  of  existing  ordinary  birds. 

On  the  other  hand,  the  tail  is  very  long,  and  more  like  that  of 
reptile  than  that  of  a  bird  in  this  respect.     Two  digits  of  the  manu  . 
have  curved  claws,  much  stronger  than  those  of  any  existing  bud;  and, 
to  all  appearance,  the  metacarpal  bones  are  quite  free  and  disunited. 

Thus  it  is  a  matter  of  fact  that,  in  certain  particulars,  the  oldest 
known  bird  does  exhibit  a  closer  approximation  to  reptilian  structure 
than  any  modern  bird. 

Are    any   fossil   reptiles   moro   bird-like  than  those  which  m 
exist? 

As  in  the  case  of  birds,  tho  Tertiary  formations  yield  no  trace 
reptiles  which  depart  from  the  typo  of  the  existing  groups.     But 
wise  than  is  true  of  birds,  the  newest  of  the  Mesozoic  fornmtii 
the  Chalk,  makes  us  acquainted  with  reptiles  which,  at  first  sight, 
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to  approach  birds  in  a  very  marked  manner.  These  are  those  flying 
reptiles,  the  Pterodactyles,  which  resemble  the  groat  majority  of  birds 
in  the  presence  of  air-cavities  in  their  bones,  in  the  wonderfully  bird- 
like  aspect  of  their  coracoid  and  scapula,  and  in  their  broad  sternum 
with  its  median  crest.  Furthermore,  in  some  of  the  Pterodactyles, 
the  preinaxillsB  and  the  symphysis!  part  of  the  mandibles  were  pro- 
longed into  beaks,  which  appear  to  have  been  sheathed  in  horn,  while 
the  rest  of  each  jaw  was  armed  with  teeth. 

But  horn-sheathed  beaks  are  found  in  reptiles  as  well  as  in  birds  ; 
the  structure  of  the  scapulocoracoid  arch  and  of  the  sternum,  and 
the  pneumaticity  of  the  bones,  vary  greatly  among  birds  themselves  ; 
and  these  characters  of  the  Pterodactyles  may  be  merely  adaptive 
modifications. 

On  the  other  hand,  the  inanus  has  four  free  digits,  the  three  inner 
of  which  are  strongly  clawed,  while  the  fourth  is  enormously  prolonged, 
in  total  contrast  to  the  abortion  of  the  corresponding  digit  in  birds. 
The  pelvis  is  as  wholly  unlike  that  of  birds  as  is  tho  hind-limb  and 
foot 

Thus  it  appears  that  Pterodactyles,  among  Ecptiles,  approach  birds 
much  as  Bats,  among  Mammals,  may  be  said  to  do  so.  They  arc  a 
sort  of  reptilian  Bats*  rather  than  links  between  Reptiles  and  Birds, 
and  it  is  precisely  in  those  organs  which,  in  birds,  are  tho  most  charac- 
teristically ornithic,  the  manus  and  tho  pes,  that  they  depart  most 
widely  from  the  ornithic  type. 

Clearly  then  the  passage  from  Reptiles  to  Birds  is  not  from  the 
flying  Reptile  to  the  flying  Bird.  Let  us  try  another  line.  I  have 
already  observed  that,  in  the  existing  world,  tho  nearest  approximation 
to  Reptiles  is  presented  by  certain  land  Birds,  the  Ostriches  and  their 
allies,  all  of  which  are  devoid  of  the  power  of  flight  by  reason  of  the 
small  relative  size  of  their  fore-limbs  and  of  the  character  of  their 
feathers. 

Can  we  find  any  extinct  Reptiles  which  approached  these  flightless 
birds,  not  merely  in  the  weakness  of  their  fore-limbs,  but  in  other  and 
more  important  characters  ? 

I  imagine  that  we  can,  if  we  cast  our  eyes  in  what  at  first  sight  seems 
to  be  a  most  unlikely  direction. 

The  Dinosaur i a,  a  group  of  extinct  reptiles,  containing  the  genera 
Lj'tanodcn,  Hadrosaurus,  Megalosaurus,  Poikilopleurun,  Seel  idomu  run, 
Plattosaurus,  <&c,  which  occur  throughout  tho  whole  series  of  the  Me- 
sozoic  rocks,  and  arc,  for  the  most  part,  of  gigantic  size,  aj>puir  to  mo 
to  furnish  the  required  conditions. 

In  none  of  these  animals  are  tho  skull,  or  the  cervical  region  of  the 
vertebral  column,  completely  known,  while  the  sternum  and  the  manus 
havo  not  yet  been  obtained  in  any  of  the  genera,  in  none  has  any 
trace  of  a  clavicle  been  observed. 

*  It  will  be  understood  that  I  do  not  Mijr^ot  uny  dinvt   affinity  l.otwccn 
Plcrudactylctf  and  I3ut8. 
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Willi  roganl  to  the  characters  which  have  been  positively  deter- 
mined, it  has  boon  ascertained,  that: 

1.  From  four  to  six  vertehrtc  enter  into  the  composition  of  the 
sacrum,  and  become  connected  with  tho  ilia  ii 
partly  ornithic,  partly  reptilian. 

2.  The  ilia  are  prolonged  forwards  in  front  of  tbe  b 
well  as  behind  it,  and  tbe  resemblance  to  the  bird's  ilii 
dnceil  is  greatly  increased  by  tlie  widely  arched  form  of  tbe  acetabular 
margin  of  the  bone,  and  tbe  extensive  perforation  of  tlie  floor  of  the 
acetabulum. 

3.  Tho  other  two  components  of  the  os  innomtnalum  have  not  t 
observed  actually  in  plate  ;  Indeed,  only  one  of  them  is  known  at  all, 
but  that  one  is  exceedingly  reuiarkablo  from  its  strniigly  ornithic 
character.  It  is  the  bone  wbicli  has  been  called  "clavicle"  in  Mcrju- 
loaaurito  and  Ljiianodon  by  Cuvicr  and  his  successes,  though  the 
sagueious  Buekknd  had  bintcd  its  real  nature.*  But  these  bones  are 
nut  in  tbe  least  like  tbe  clavicles  of  any  animal  which  j 
clavicle,  while  they  lire  extremely  similar  to  the  iscbia  of  such  a  bird 
as  an  ostrich ;  and  in  the  only  instance  in  which  they  bave  been  found 
in  tolerably  undisturbed  relation  with  other  parts  of  the  skeleton, 
namely,  in  the  Maidstone  hjwtn»(ii>n,  they  lie,  one  upon  each  side  of 
the  body,  close  to  the  ilia.  I  hold  it  to  be  certain  that  these  bones 
belong  to  the  pelvis,  and  not  to  the  shoulder- girdle,  and  I  think  it 
probable  that  they  are  iscbia;  hut  I  do  not  deny  that  tbey  may  be  pubes. 

4.  The  head  of  the  femur  is  set-ou  at  right  angles  to  tlie  shaft  of 
the  bono,  so  that  the  axis  of  the  thigh-bouo  must  have  been  parallel 
with  the  middle  vertical  plane  of  the  body,  as  in  birds. 

B.  The  posterior  surface  of  the  external  condyle  of  the  femur  pre- 
sents a  strong  crest,  which  passes  lietwoen  the  head  of  tliu  iibula  and 
tlie  tibia  as  iu  birds.  There  is  only  a  rudiment  of  this  structure  in 
otber  reptiles. 

(J.  The  tibia  bos  a  great  anterior  or  "procnomial"  crest,  convex  on 
the  inner,  and  concave  on  the  outer,  side.  Nothing  comparable  to  this 
exists  in  other  reptiles,  but  a  correspondingly  developed  crest  exists 
in  tbe  groat  majority  of  birds,  especially  such  as  bavo  great  walking 
or  swimming  powers. 

7.  The  lower  extremity  of  tho  fibula  is  much  smaller  than  the 
other;  it  is,  proportionally,  a  more  slender  bone  than  in  other  reptiles. 
In  birds  tho  distal  end  of  the  fibula  thins  ftway  to  a  point,  and  it  L 
a  still  mom  slender  bone. 

8.  Scelidoeanrun  has  four  complete  toes,  but  there  is  A  rudiment  of 
a  fifth  metatarsal.  The  third  or  middle  toe  is  the  largest,  and  the 
metatarsal  of  the  hallux  is  much  smaller  at  its  proximal  than  at  it* 
distal  end. 


F 

: 

! 


•   The  s.p-nille.1  "  .■(.nwoiil  "  .>("  Mi/nf.isiiuriis  i«  t 
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formal  at  Oxford,  for  must  important  evidence  touching  this  reptili 
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Iguanodcn  has  three  large  toes,  of  which  the  middle  is  tho  longest. 
The  slender  proximal  end  of  a  first  metatarsal  has  been  found  adherent 
to  the  inner  face  of  the  second,  so  that  if  tho  hallux  was  completely 
developed  it  was  probably  very  small.  No  rudiment  of  the  outer  too 
has  been  observed. 

It  is  clear,  from  the  manner  in  which  the  three  principal  meta- 
tarsals articulate  together,  that  they  were  very  intimately  and  firmly 
united,  and  that  a  sufficient  base  for  the  support  of  the  body  was 
afforded  by  the  spreading  out  of  the  phalangeal  regions  of  the  toes. 

From  the  great  difference  in  size  between  the  fore  and  hind  limbs, 
Mantell,  and  more  recently  Leidy,  have  concluded  that  the  Dino- 
sauria  (at  least,  Ljuanodon  and  Hadrosaurus)  may  have  supported  them- 
selves, for  a  longer  or  shorter  period,  upon  their  hind  legs.  But  the 
discovery  made  in  the  weald,  by  Mr.  Bcckles,  of  pairs  of  large  three- 
toed  foot-prints,  of  such  a  size  and  at  such  a  distance  apart  that  it  is 
difficult  to  believe  they  can  have  been  made  by  anything  but  an 
Iguanodon,  lead  to  the  supposition  that  this  vast  rcptjjo,  and  perhaps 
others  of  its  family,  must  have  walked,  temporarily  or  permanently, 
upon,  its  hind  legs. 

However  this  may  be,  there  can  be  no  doubt  that  the  hind  quarters 
of  the  Dinosaur ia  wonderfully  approached  those  of  birds  in  their 
general  structure,  and  thereforo  that  these  extinct  Keptilos  were  moro 
closely  allied  to  birds  than  any  which  now  live. 

But  a  single  specimen,  obtained  from  those  Solenhofen  slates,  to  the 
accident  of  whose  existence  and  usefulness  in  tho  arts  palaeontology  is 
so  much  indebted,  affords  a  still  nearer  approximation  to  the  (;  missing 
link"  between  reptiles  and  birds.  This  is  tho  singular  reptile  which 
has  been  described  and  named  Compsognathus  longipvs  by  the  lato 
Andreas  Wagner,  and  some  of  the  more  recondite  ornithic  affinities  of 
which  have  been  since  pointed  out  by  Gegenbaur.  Notwithstanding 
its  small  size  (it  was  not  much  more  than  two  feet  in  length),  this 
reptile  must,  I  think,  be  placed  among,  or  close  to,  the  Dinosaur  la ; 
but  it  is  still  more  bird-like  than  any  of  tho  animals  which  are  ordi- 
narily included  in  that  group. 

Compsognathus  longipes  lias  a  light  head,  with  toothed  jaws,  sup- 
ported upon  a  very  long  and  slender  neck.  The  ilia  arc  prolonged  in 
front  of  and  behind  the  acetabulum.  The  pubes  seem  to  have  been 
remarkably  long  and  slender  (a  circumstance  which  rather  favours  the 
interpretation  of  tho  so-called  "  clavicles "  of  Iguanodon  as  pubes). 
The  fore-limb  is  very  small.  The  bones  of  tho  manus  are  unfor- 
tunately scattered,  but  only  four  claws  are  to  bo  found,  so  that 
possibly  each  manus  may  hive  had  but  two  clawed  digits. 

The  hind  limb  is  very  large,  and  disposed  as  in  birds.  As  in  tho 
latter  class,  tho  femur  is  shorter  than  the  tibia,  a  circumstance)  in 
which  Compsognathus  is  more  ornithic  than  the  ordinary  Dincsauria, 

The  proximal  division  of  tho  tarsus  is  ankylnscd  with  the  tibia,  as 
in  birds.     In  the  foot  the  distal  tarsals  aro  not  united  with  tho  three 
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long  and  slender  metatarsals,  which  answer  to  tbe  second,  third,  and 
fourth  tries.  Of  the  fifth  too  there  is  only  a  rudimentary  metatarsal. 
The  hallux  is  short,  and  its  metatarsal  appears  to  be  deficient  at  its 
proximal  end. 

It  is  impossible  to  look  at  the  conformation  of  this  strange  reptile 
and  to  doubt  that  it  hopped  or  walked,  in  an  erect  or  semi-erect 
position,  after  the  manner  of  a  bird,  to  which  its  long  neck,  slight 
head,  and  small  anterior  limbs  must  have  given  it  an  extraordinary 
resemblance. 

1  have  now,  I  hope,  redeemed  my  promise  to  show  that, 
times,  birds  more  like  reptiles  tlmn  any  now  living,  and  reptiles 
like  birds  than  any  now  living,  did  really  exist. 

But,  on  tho  mere  doctrine  of  chances,  it  would  bo  the  height  of 
improbability  that  the  couple  of  skeletons,  each  unique  of  its  kind, 
which  have  been  preserved  in  those  comparatively  small  beds  of  Solen- 
hofen  slate,  which  record  tho  life  of  a  fraction  of  Mesozoic  time,  should 
be  the  relics,  tho  one  of  the  most  reptilian  of  birds,  and  the  other 
the  most  ornithic  of  reptiles. 

And  this  conclusion  acquires  a  far  greater  force  when  we 
upon  that  wonderful  evidence  of  the  life  of  tho  Triassic  ago,  which  is 
alr'orded  us  by  the  sandstones  of  Connecticut.  It  is  true  that  these  hare 
yielded  neither  feathers  ner  bones;  but  the  creatures  which  traversed 
them  when  they  were  the  sandy  beaches  of  a  quiet  sea,  have  left 
innumerable  tracks  which  are  full  of  iust motive  suooostiou.  Many 
of  these  tracks  are  wholly  undistingui suable  from  those  of  modem 
birds  in  form  and  size;  others  are  gigantic  three-toed  impressions, 
like  thoso  of  the  Weald  of  our  own  country ;  others  are  more  like 
the  marks  loft  by  existing  reptiles  or  Amphibia. 

The  important  truth  which  these  tracks  reveal  is,  that,  at 
commencement  of  the  McSoZoie  epoch,  bipedal  animals  existed  wl 
had  tho  feet  of  birds,  and  walked  in  the  same  erect  or  semi-ertvi 
fashion.  These  bipeds  wero  cither  birds  or  reptiles,  or  more  probably 
both  ;  and  it  can  hardly  be  doubted  that  u,  lithographic  slate  of  Triassic 
age  would  yield  birds  so  much  more  reptilian  than  Archieopteryx,  and 
reptiles  so  much  more  ornithic  than  Cautpsoijiialhiig,  as  to  obliterate 
completely  tho  gap  which  they  still  leave  between  reptiles  and  birds. 

But  if,  on  tracing  tho  forms  of  animal  life  back  in  time,  we  mi 
as  a  matter  of  fact,  with  reptiles  which  depart  from  the  general  t; 
to  become  bird-like,  until  it  is  by  no  means  difficult  to  imagine  a  cr 
turo  completely  intermediate  between  Drouuent  and  Compmijnalhat, 
surely  there  is  nothing  very  wild  or  illegitimate  in  tho  hypothesis 
that  the  jilii/lum  of  the  class  Aim  has  its  root  in  the  Dinoeauriau  rep- 
tileB ;  that  these,  passing  through  a  series  of  such  modifications  as  ore 
exhibited  in  one  of  their  phases  by  Ccmjwjiiathua,  have  given  rise  to 
tho  Batila ;  while  the  Carinatie  arc  still  further  modifications  and 
differentiations  of  these  last,  attaining  their  highest  specialization  in 
the  oxisting  world  in  tho  Penguins,  the  Cormorants,  the  Birds  "  " 
tho  Parrots,  and  tho  Song-birds. 
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However,  as  many  completely  differentiated  birds  in  all  probability 
existed  even  in  the  Triassic  epoch,  and  as  we  possess  hardly  any  know- 
ledge of  the  terrestrial  reptiles  of  that  period,  it  may  be  regarded  as 
certain  that  we  have  no  knowledge  of  the  animals  which  linked 
Reptiles  and  Birds  together  historically  and  genetically ;  and  that  the 
DisoMHrta,  with  Comptogmathw,  Archaopteryx,  and  the  strnthious  Birds, 
only  help  us  to  form  a  reasonable  conception  of  what  these  interme- 
diate forms  may  have  been. 

In  conclusion,  I  think  I  have  shown  cause  for  the  assertion  that 
the  tacts  of  Palaeontology,  so  far  as  Birds  and  Reptiles  are  concerned, 
*re  not  opposed  to  the  doctrine  of  Evolution,  but,  on  the  contrary,  are 
quite  such  as  that  doctrine  would  lead  us  to  expect ;  for  they  enable 
a*  to  form  a  conception  of  the  manner  in  which  Birds  may  have  been 
evoked  from  Reptiles,  and  thereby  justify  us  in  maintaining  the 
raperiority  of  the  hypothesis,  that  Birds  have  been  so  originated,  to 
ill  hypotheses  which  are  devoid  of  an  equivalent  basis  of  fact. 

[T.  H.  H.J 
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Sir  Henby  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Cliair. 

Henry  E.  Roscoe,  B.A.  F.R.S. 
On  Vanadium,  one  of  tJie  Trivalent  Group  of  Elements. 

The  metal  vanadium  (so  called  from  Vanadis,  a  cognomen  of  the 
•Scandinavian  goddess  Freia)  was  discovered  in  1830  by  Sefstrom  in 
the  celebrated  Swedish  bar-iron  made  from  the  Tabcrg  ore.  From 
this  source,  even  when  using  many  pounds  of  the  iron,  Sefstrom 
obtained  only  minute  quantities  of  tho  new  substance,  but  he  found 
it  in  somewhat  larger  amount  in  tho  slag  or  cinder  produced  in  the 
reduction  of  tho  iron  ore.  Sefstrom  ascertained  roiuo  of  the  most 
peculiar  characters  of  tho  substance,  proved  it  to  be  a  new  element, 
and  prepared  some  of  its  compounds  in  the  pure  state.  The  reac- 
tions by  which  vanadium  can  bo  separated  and  distinguished  from 
all  the  other  elements  are:  (1)  The  formation  of  a  soluble  sodium 
vanadate  when  the  vanadium  compounds  are  fu-ed  with  sodium  car- 
bonate ;  (2)  the  formation  of  an  insoluble  ammonium  vanadate  when 
sal-ammoniac  is  added  to  the  solution  of  a  soluble  vanadate ;  (3)  the 
production  of  a  splendid  blue  solution  when  this  ammonium  salt,  dis- 
solved in  hydrochloric  acid,  is  warmed  with  reducing  agents  such  us 
oxalic  acid. 
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Sefstrom  not  having  leisure  to  prosecute  the  full  examination  of 
the  properties  of  the  new  metal,  handed  over  his  preparations  to 
Bcrzelius;  and  it  is  to  the  investigations  of  the  great  Swede  (1831) 
that  wo  owe  almost  all  our  acquaintance  with  tho  chemistry  of  varm- 

Sinoe  Berzelins's  time  vanadium  has  been  discovered  in  many 
minerals,  of  which  a  load-ore  containing  lend  vanadate  and  called  by 
the  mineralogists  vanadinite,  is  the  must  important.  It  has  also  been 
found  in  many  iron  ores,  in  clay,  bricks,  and  evon  in  caustic  soda. 
Still  tha  quantity  of  the  substance  found  in  all  these  various  sources 
has  been  extremely  small;  so  much  so,  that  tin-  vanadium  com  pounds 
must  bo  reckoned  amongst  the  greatest  of  chemical  rarities,  and  wo 
find  thorn  quoted  in  the  price  lists  of  dealers  in  chemicals  at  It.  (id. 
per  grain,  or  35/.  jxsr  ounce  I  It  is  clear  that  our  knowledge  of  the 
chemical  properties  of  a  substance  so  rare  must  necessarily  be  but  in- 
complete, as  tho  difficulties  of  obtaining  oxnet  or  satisfactory  results 
with  small  quantities  of  material  are  evident ;  and,  in  fact,  the  state- 
ments of  the  only  ])ersons  who  have  worked  upon  the  subject  re- 
cently (Schafarik  Czudnowiez ).  instead  of  giving  ns  anymore  reliable 
information  respecting  tho  character  of  vanadium,  have  only  served 
to  throw  doubt  upon  sonic  of  the  ^inclusions  of  Kerzelius,  and  thus  to 
render  our  knowledge  even  loss  complete  than  it.  appeared  to  be. 

Hence  it  was  with  much  satisfaction  that,  in  February,  1865,  the 
speaker  came  into  possession  of  a  plentiful  source  of  vanadium  in  a 
by-product  obtained  in  the  preparation  of  cobalt  from  the  copper- 
bearing  beds  of  tho  lower  Keuper  Sandstone  of  tho  Trias  at  Alderley 
Edge,  in  Cheshire.  Tho  manager  of  tho  works  was  puzzled  to  know 
why  a  blue  solution,  supposed  by  him  to  contain  copper,  did  not 
deposit  tlie  red  metal  upon  a  strip  of  zinc  ;  the  speaker  recognized 
this  reaction  as  duo  to  the  presence  of  vanadium,  and  secured  the 
whole  of  tlie  by-product,  which  he  found  to  contain  about  2  percent. 
of  tho  rare  motal.  The  exact  position  of  the  vanadium  mineral  in 
the  sondstono  boils  cannot  now  be  statod,  as  the  mine  (at  Mottram 
St.  Andrews)  from  which  the  cobalt  ore  was  obtained  is  now  closed, 
and  cannot  bo  entered.  The  general  characters  of  the  deposit  ore, 
however,  well  known,  and  exhibit  points  of  groat  interest ;  they  have 
been  well  described  by  Mr.  Hull  as  follows : — 

"  Tho  '  edge '  or  escarpment  of  Alderley  rises  from  the  eastern 
side  of  the  plain  of  Cheshire  gradually  towards  tlie  east,  but  with  a 
steep  and  abrupt  ridge  towards  the  north.  This  northern  bank  is 
richly  wooded,  and  has  a  very  beautiful  aspect  when  viewed  from  n 
distanco,  as  it  contrasts  strongly  with  the  almost  level  plain  which 
sweeps  away  to  tho  northward  and  westward  from  its  base.  The 
ridge  has  here,  been  upheaved  along  tho  line  of  a  large  fault,  bearing 
east  and  west,  throwing  down  at  its  base  the  Red  Marl;  and  on  the 
other  side  bringing  up  the  soft  sandstone  of  the  Banter,  capped  by  % 
mural  cliff  of  lower  Keuper  Conglomerate,  which  often  breaks  out  in 
conspicuous  masses  through  the  foliage.     The  beds  risg  from  the 
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plain  towards  tlio  east  at  an  angle  of  about  from  5"  to  10°,  and  the 
aecarpment  is  continued  smith  ward  for  soma  distance  facing  the  east." 

Succession  op  Beds  is  Descendijjo  Order— (Hull). 

BtdkUrl      Bed  aral  grey  liminated  Marls. 

"Brewniah    flaggy    Sandstones 

iiinl  .Mini-. 
While  and  brown  Freestone. 
Lower  Kc-npor       Soft  white,  j-i  lluw,  and  varie- 
Sandstoue,  gattd  SanilBtone. 

500  Feot  Hard  rjnartcOM  Conglomerate, 

underlain  hy  bamu  of  Marl, 
Farming  the  base  uf  tlis 
Kf-iiju-r  Sandstone, 
Soft  fine-grained  yellow  and 
red  Sandstone,  being  tho 
uppermost  member  of  the 
Buntor  Sandstone. 

The  beds  in  the  above  scries  which  claim  the  greatest  share  of  our 
attention  are  those  at  the  base  of  the  Keuper  scries,  for  in  those 
occur  the  copper  and  ether  minerals.  The  copper,  as  both  blue  and 
green  carbonate,  occurs  disseminate  il  throughout  the  sand,  the  ore 
coating  the  outside  of  the  grains  of  sand  and  the  pebbles  of  quartz. 
In  addition  to  copper,  bonds  containing  lead  both  as  carbonate  and 
sulphide  (galena)  occur,  also  bands  and  veins  of  cobalt  ochre,  oxide  of 
manganese,  and  iron  ochre  in  workable  quantity.  Tho  copper  in  ex- 
tracted from  the  ore  by  solution  in  hydrochloric  acid  and  precipita- 
tion as  metal  by  scrap  iron.  Tho  ordinary  copper  liquor,  as  well  as 
the  oxide  of  iron  precipitated  by  lime  from  the  solution  of  the 
olil'iri'lc,  does  not  contain  any  trace  of  vanadium,  nor  was  the  speakor 
able  to  detect  any  of  this  metal  in  tho  ore  as  at  present  worked. 

Following,  in  the  main,  the  process  of  preparation  adopted  by 
Sefstrom,  the  speaker  obtained  from  the  above-mentioned  lime  pre- 
cipitate several  pounds  of  pure  ammonium  vanadate,  from  which  all 
the  other  compounds  of  vanadium  can  bo  prepared. 

What  now  wero  the  conclusions  to  which  Beralim  arrived  from 
his  experiments  concerning  tho  constitution  of  the  vanadium  com- 
pounds? He  corroborated  Sefstriku's  statement,  that  the  most  cha- 
racteristic feature  of  the  substnnco  is  the  existence  of  an  acid-formiug 
oxide,  termed  vauadic  acid,  produced  whenever  any  of  the  oxides  aro 
heated  in  the  air.  Berzclius  also  discovered  two  other  oxides  of 
vanadium,  of  which  he  ascertained  the  composition :  and  likewise  a 
volatile  chloride.  To  tho  highest  oxide  he  gave  tho  formula  V  0„ 
to  the  second  V  0,,  and  to  the  lowest  (or  auboxido)  V  0  ;  whilst  the 
chloride  was  represented  by  V  CI,.  The  atomic  weight  of  the  metal 
ho  ascertained  to  bo  V  =  68'5.  Berzelius  camo  to  this  conclusion 
from  the  following  experimentally  ascertained  facts:  (1)  That  on 
passing  hydrogen  over  heated  vanodic  acid  a  constant  loss  of  weight 
occurred,  and  the  suboxide  was  formed  ;  (2)  that  when  dry  chlorine 
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is  passed  over  the  suboxide  thus  prepared,  tbe  volatile  chloride  was 
formed,  and  a  residue  of  vanadie  acid  remained,  which  was  exactly 
equal  in  weight  to  one-third  of  the  acid  originally  taken  for  reduction. 
Hence  assuming  that  the  lowest  oxide  contains  one  atom  of  oxygen 
(an  assumption  borne  out  by  the  analysis  of  the  chloride),  the  acid 
must  contain  three  atoms  of  oxygen,*  and  the  following  formula!  repre- 
sent the  composition  of  those  compounds  according  to  Bcrzelius : — 

VO  VO,  VO,  V01.  (V  =  68-6) 

The  interest  attaching  to  the  conclusions  which  RorzeliiiB  fairly  drew 
from  his  experiments  waB  much  heightened  by  an  observation  made 
by  Eainmclsherg  in  1856,  as  to  the  exact  crystalline  form  of  the 
mineral  vanadinite,  a  iloul.ilr  salt  of  lead  vanadate  and  lead  chloride. 
So  long  ago  as  1780  Werner  had  observed  the  identity  of  crystal- 
line form  of  two  minerals,  viz.  apatite,  a  phosphate- fluoride  of  cal- 
cium, and  pyroniorphite,  a  phosphato-chlorido  of  lead ;  to  which  may 
bo  added,  rnimelesite,  anarsenato-ehloride  of  lead.  These  mine  mis  ail 
have  an  analogous  composition,  being  represented  by  the  formulro — 

Apatite  3  (Ca,  P,  0„)  +  CaFl, 

Pyromorphite   3  (Pb,  P,  0,)+PbCl, 
fMimetosito        3  (Pb1As,Oe)  +  PbClI. 

They  are  truly  isomorphous,  crystallizing  in  hexagonal  prisma,  termi- 
nated with  hexagonal  pyramids,  having  the  same  angles  and  the  same 
length  of  axes.  Eammelsbcrg  added  to  this  list  the  mineral  vanadi- 
nite, which  he  ascertained  by  measurement  to  he  strictly  isomorphous 
with  the  foregoing,  and  to  bo  as  follows.     The  angle  P  on  P  was  i 

1)  Vanadinite    .     142'  30'     I    3)  Pyromorphite    142°  15' 

2)  Apatite    .    .    1423  20'    |    i)  Mimotesite    .    142°    7' 

and  the  relation  of  the  length  of  the  axis : 

1)  1     :    0-727      I      3)    1     :    0*736 

2)  1     :    0-732      |      4)    1     :    0-739. 

So  far,  indeed,  has  the  identity  of  crystalline  form  boon  traced,  that 
crystals  have  been  found  which  at  one  end  consisted  of  vanadinite, 
and  at  the  other  of  pyromorphite  (Heddle).    Now  judging  from  the 


*  Benelius  concludes  that  dm  add  docs  cot  contain  two  atoms  of  metal, 
inasmuch  as  no  alum  could  be  formed  witli  potassium  sulphate  corresponding 
those  formed  by  well-known  sesquioxidea. 

t  This  group  of  minerals  may  be  considered  as  Calcium  TriphoBphofluorbj- 
dine,  Ac,  thus : — 

3(PO'")\n  8PO" 


1°. 

CI 
PyromorphLte.  (WQrli.) 


1868.] 


<•  of  Ike  Trivalent  Group  of  Element*. 


crystal] ograpliic  analogies  alone,  we  should  conclude  tlint  the  formula 

!■  IHMllllHll  !■ 

3(PbiY,01)  +  PbCI.* 

the  oxide  of  vanadium,  contained  in  the  mineral  having  a  formula 
Y,0„  agreeing  with  tho  corresponding  oxides  of  phosphorus  and 
araenio,  FaOj  and  As,Os.  In  making  this  assumption,  we  are,  how- 
ever, at  once  confronted  with  the  unyielding  chemical  facte  of  Berze- 
lius, according  to  which  the  oxide  in  question  must  be  rep  resented  by 
the  formula  V  0„  and  contains  three,  and  not  five,  atoms  of  oxygen. 

It  is.  then,  evident  that  we  have  hero  either  to  do  with  an  excep- 
tion to  the  law  of  Isomorphism,  or  else  Berzelius's  views  are  erro- 
neous. Until  this  Litter  has  been  proved  to  bo  tho  case,  chemists 
have,  however,  only  been  justified  in  assuming  the  former  alternative 
to  be  the  correct  explanation. 

The  sjieaker  stated  that  in  order  to  endeavour  to  clear  up  this 
question,  he  had  most  carefully  repeated  Berzelius's  experiments,  and 
that  he  had  confirmed  them  in  every  particular  ;  but  having  pursued 
the  subject  further  than  Berzelius,  he  had  at  last  come  to  conclusions 
concerning  the  constitution  of  the  vanadium  compounds  totally  dif- 
ferent frtun  tht.se  drawn  by  the  Swedish  chemist,  and  had  succeeded 
in  obtaining  the  key  to  the  enigma  presented  by  the  above  anomalous 
crystallugrophic  relations. 

The  speaker  has  proved  that  the  substance  supposed  by  Boraelius 
to  be  Vanadium,  V  =  68-5,  is  not  the  metal,  but  an  oxide,  and  that 
the  trne  atomic  weight  of  the  metal  is  68-5— 16  =  52'5  (or  rather, 
according  to  the  speaker's  exact  determinations  of  the  atomic  weight, 
67-3-  l«=51-3;.t  The  highest  oxide,  tho  vanadic  acid,  V  Oa,  of  Ber- 
zelius, hence  becomes  a  pentoxtde,  V,  0„  correspond iug  to  I',  O,  and 
As,Oh  and  the  isomorphism  of  vanadinite  with  the  pyromorpbito 
group  of  minerals  is  fully  explained.  The  suboxide  of  Berzelius  is 
a  tri-oxide,  V,  Op  whilst  the  terchloride  (VCI,,)  of  Berzelius  is  an 
oxycbloridc,  having  tho  formula  V  0  CI„  and  corresponding  to  oxy- 
chioride  of  phosphorus,  P  O  CI,.  Tho  oxido  supposed  by  Berzelius 
to  be  the  metal  contains  51*3  parts  by  weight  of  vanadium  to  16  parts 
by  weight  of  oxygen,  and  the  vanadic  oxide  of  Berzelius  also  exists, 


•  OrLeadTrivanadochlorhjdtine  p£    JO 

CI 
t  In  his  paper  no  Vanadium,  read  before  the  Royal  Society  (Deo.  19, 1867). 
the  Kitbor  ventured  to  predict  that  the  diflerence  belwi  en  the  number  he  obtained 
(97*3)  and  that  found  by  Berzelius  (6g'5)  whs  probably  owing  to  the  fact  that 


■■■.■I.  M  Dr. 
Pntnkland  Da*  kindly  placed  in  the  speaker's  hands  a 'ami  " 
of  ammonia  found  in  Faraday  s  collection,  and  labelled,  "Bent  to  me  by  BcraeliuB, 
1831."  On  emrni  nation,  this  sample  was  found  to  contain  considerable  quantities 
of  phoopboras,  thus  confirming  the  speaker's  previously  expressed  opinion. 
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containing  51-3  parts  of  tho  metal  to  32  parts  of  oxygen ;  to  these 
oxides  tlie  empirical  formulas  V,0,  auil  V.O,  may  bo  given.  Thus 
we  have  tho  following  as  representing  the  true  composition  of  these 
vanadium  compounds  : — 


T,0, 


v,o. 


VOOI, 


Each  of  the  four  oxides  can  bo  obtained  in  the  anhydrous  state; 
the  dioxide  is  prepared  as  a  grey  metallic  powder,  by  passing  tho 
vapour  of  tho  oxytri  chloride  mixed  with  hydrogen  over  red-hot  carbon. 
The  trioxido  is  obtained  by  the  reduction  ■if  vuuudic  acid  in  a  current- 
of  hydrogen,  and  the  tetroxido  in  formod  by  tho  slow  oxidation  of  the 
trioxide. 

Tho  lowest  or  dioxide  of  vanadium  f  V,0,)  is  obtained  in  eolation 
by  tho  reducing  action  of  nascent  hydrogen  evolved  from  zinc,  cad- 
mium, or  sodium  amalgam  upon  the  sulphuric  mid  -solution  of  vanadio 
acid,  which,  passing  through  all  stages  of  blue  and  green  colour,  ulti- 
mately assumes  a  permanent  lavender  tint.  This  solution  of  V,0,  in 
sulphuric  acid  acts  as  a  most  powerful  reducing  agent,  bleaching  indigo 
solution  and  other  vegetal  do  colouring  matters  as  rapidly  us  chlorine  ; 
it  also  absorbs  oxygen  with  avidity  from  the  air,  iiiniiiiij:  u  deep  brown 
solution.  The  other  oxides  of  vanadium  may  be  obtained  in  solution 
by  the  action  of  various  reducing  agents  on  the  sulphuric  solution  of 
vanadie  acid.  Thus,  by  the  action  of  nascent  hydrogen  evolved  from 
magnesium  a  permanent  green  tint  is  obtained,  and  tho  vamidium 
is  contained  in  solution  as  tho  trioxide,  Y,  Oj ;  whilst  if  moderate 
reducing  agents,  such  as  sulphurous  acid,  sulphuretted  hydrogen,  or 
oxalic  acid  are  employed,  the  colour  of  the  Liquid  dues  not  jkiss  beyond 
the  Hue  stage,  and  tho  vanadiiun  is  contained  in  solution  a 
V,  0,.*  The  different  colours  of  solutions  containing  tl 
was  exhibited  by  means  of  the  magnesium  light. 

The  fact  that  the  lemon -col  on  red  chloride  (the  torchloride  of 
Berzolius)  contains  oxygon  was  clearly  demonstrated  during  the 
discourse  by  passing  the  vapour  from  a  few  grammes  of  the  substance, 
togethor  with  perfectly  pure  hydrogen  gas,  over  red-hot  carbon.  A 
portion  of  tho  oxygen  of  the  oxychlorido  unites  with  tho  carbon  to 
form  carbonic  acid,  and  the  presence  of  this  gas  was  shown  by  tho 
precipitation  of  barium  carbonate  in  clear  baryta  water  contained  in 
two  test-tubes  placed  one  before  the  other.  At  the  commencement  of 
the  experiment,  the  carbonic  acid  was  entirely  absorbed  by  the  small 


*  In  liia  communication  to  the  Boyh!  S--n-i.it v  (link- -rind  Lecture,  Prop.  Royal 
Sot,  XVI.,  220),  tlio  author  tfivc  the  .-ini-iri.-nl  formula  VO  ami  VO,  to  the'lrt 

ami  3nl  n\idi-d  <>j' v.nut-iiiini,  as  tin-  luuli  i-uliir  weights  of  On  «i  oxides  have  not 
been  determined,  anil  it  in  liu.-.-rniin  win  ttur  llirv  oliey  tin-  law  uf  t'ven  ut.inik-ili.-.i 
Or,  like  tho  only  (Mir.-.-p^iiiliiiL;  ruai|imji.dfl,  tin;  iiilm^-i'ii  elides,  art  iizceptioiu  to 

On  consideration,  tlic  author  lain,  Imwv.-r,  thought  it  bent  to  adopt  the 
■' urged  by  Sir  Bcajamin  Brodie  an  the  occasion  above  referred 
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quantity  of  baryta  water  contained  in  the  first  test-tube  ;  but  after 
BOW  time  the  hydrochloric  acid  g.is  simultaneously  produced  by  the 
decomposition  of  the  chloride  saturated  tins  liquid,  expelling  the  car- 
bonic acid  gas,  which  being  carried  forward  into  the  second  test-tube, 
.w  down  a  bulky  precipitato  of  barium  carbonate,  thus  showing 
t  the  turbidity  cannot  possibly  be  due  to  th"e  presence  of  any 
"am  compound.  It  was  found  quite  unnecessary  tu  place  a  tube 
aing  heated  copper  oxidu  after  the  red-hot  carbon,  tor  the  pur- 
pose of  oxidizing  any  carbonic  oxide  gas  which  might  be  firmed,  inns- 
mnch  as  carbonic  acid  was  always  left  in  suflicient  quantity  to  give  a 
considerable  precipitate.  No  method  has  been  Found  fur  separating 
the  whole  of  the  oxygen  from  the  oxy chloride,  and  hence  it  has  been 
impossible  to  make  the  above  experiment  quantitatively.  Solid  oxy- 
ehlorides  are  obtained  by  the  action  of  hydrogen  upon  the  oxy  tri- 
chloride, ono  of  which  resembles  mnmTn  gold,  pOBMNisg  u  bright 
metallic  bronze-like  lustre,  and  having  been  taken  for  the  metal  by 
Scholar  ik. 

The  atomic  weight  of  vanadium  was  determined  (1)  by  reducing 
the  pentoxide  to  trioxide  in  a  current  of  hydrogen.  (2)  By  the 
analysis  of  the  oxy  trichloride.  The  atomic  weight  obtained  as  the 
mean  of  a  large  number  of  WfiH  agrrwing  experiment  is  CI  '3. 

The  metal  itself  hoe  not  yet  been  obtained,  but  a  compound  of 
vanadium  and  nitrogen  has  been  prepared,  shown  by  direct  analysis 
to  contain  14  parte  by  weight  of  nitrogen  to  61*8  (>arts  by  weight  of 
vanadium,  corresponding  to  the  formula  V  N.  The  existence  of  this 
compound  is  proof  positive  of  the  true  atomic  weight  of  the  metal, 
and  the  nitride  serves  as  the  point  of  departure  from  which  to  Beck 
for  the  metal  and  the  true  chlorides  of  vanadium,  one  of  which,  V  Cl„ 
has  already  been  prepared  by  the  action  of  chlorine  npou  the  nitride. 
It  is  a  dark  brown  liquid,  which  decomposes  when  thrown  into  water, 
Cunning  a  green  solution  containing  V,  0,.  The  speaker  demonstrated 
the  fact  that  the  oxy  chloride,  V  0  CI„  when  thrown  into  water  deconi- 
posea  with  formation  of  a  yellow  solution  of  vanadium  pentoxide,  V,Oj, 
whilst  the  trichloride,  V  CI,,  on  being  similarly  treated  yields  a  green 
solution  containing  the  metal  in  solution  as  trioxide,  V,  0,.  He  then 
compared  these  reactions  with  the  decomposition  of  the  corresponding 
phosphorus  compounds,  TO  CI,  and  PCI„  forming  P,  Os  and  P,0o 
and  rendered  these  reactions  visible  by  obtaining  a  precipitate  of 
yellow  silver  phosphate  in  the  first  case,  and  of  black  metallic  silver 
in  the  second. 

The  characters  of  the  vanadates  themselves  bear  out  tho  analogy 
of  the  highest  oxide  with  the  corresponding  oxides  of  phosphorus 
and  ■laflllli  In  the  first  place,  all  the  naturally  occurring  vanadates 
are  tri  basic  ;  secondly,  tho  true  character  of  vanadle  acid  is  shown  to 
be  tribasic,  by  the  fact  that,  when  the  [lentoxido  is  fused  with  sodium 
carbonate,  three  atoma  of  CO,  are  liberated,  and  the  normal  or  ortho- 
vaiiadate,  Na,V,0,  (corresponding  to  Na,P,()H),  is  formed;  thirdly, 
the  so-called  mono  vanadates  are  monobasic  salts,  corresjionding  to  tho 
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monobasic  phosphates,  and  maybe  termed  meta- vanadates,  thus,NaVO. 
and  Ba2  V0„  whilst  the  Bo-called  bi-vanadatas  are  anhydro-salts. 

All  the  reactions  by  which  Bcrzelius  explained  the  facte  he  dis- 
covered, can  equally  well  be  represented  according  to  the  new  atomic 
weight  and  constitution  ;  thus  : — 

BBfizra-iua'  Formui^. 

V=08-5     0=8 

1)  VO,+Ht=VO  +  H,0, 

2)  3  (V0)+Cl,=V0,+2  (vclj 

New  Fobmul-e. 
V=51-3     0=16 
V,O,+  2H,=V,01+2(H1O) 
3  (V,0,)+GCl,=V,Oi+4{VOCl,) 
The  speaker  stated  that  the   foregoing  facts  clearly  pointed  out 
that  vanadium,  hitherto  standing  in  no  definite  relation  to  other  ele- 
ments, must  be  regarded  as  a  member  of  the  well-known  Trivalent 
or  Triad  class  of  elementary  substances,  comprising  nitrogen,  phos- 
phorus, boron,  arsenic,  antimony,  and  bismuth. 

It  is  true  that  we  are  still  but  imperfectly  acquainted  with  many 
of  the  cliaraeters  of  vanadium,  but  the  more  its  nature  is  studied,  the 
move  puints  of  family  reseiiibliun'O  will  bo  discovered,  and  the  more 
close  will  the  ties  be  found,  which  bind  it  to  tho  great  Triad  family. 

The  following  tabular  statement  of  the  compounds  of  the  most  im- 
portant members  of  this  group  clearly  shows  their  common  relations: — 

Teivalent  Gnonp  of  Elements. 


Nitrogen. 

I'li.-liLorui. 

VmucIIbiii. 

Arwnk. 

Antimony. 

N  =  14 

P  =  31 

V  =  51-3 

An  =  75 

Bb  =  ia 

Trili  ydrides  .. 

.         N  II, 

PH. 

A»H, 

SbH. 

Trichloride*  .. 

.     N  CI,  t?) 

PCI, 

VC1, 

As  CI, 

SbCI, 

Peotadiluridet 

PCI, 
POC1, 

6b  CI, 

Oxyelilorirki 

VOCI. 

MwioiidiM      .. 

N.O 

Dioxides 

■       N.O, 

v.o. 

Trioxidiss 

N.O, 

P.O. 

v,o. 

As.O, 

Sb.O, 

Tetmxidcs     .. 

N.O, 

v.o. 

Sb.O. 

Peiiloxides 

-       N.O, 

P.O. 

^»o. 

As.O, 

fib.O, 

In  conclusion,  the  speaker  remarked  that  vanadium  was  tho  fourth 
substance,  suppose!  by  its  discoverer  to  bu  a  metal,  which  bad  in 
recent  years  been  shown  to  be  a  compound  body. 


Klnprmli,  1789. 
Peligot,  IBB, 


f  Nufstr. 
\   B^rze) 


ids,  un. 
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Rev.  M.  W.  Ma$ow  on  Hamlet, 


Tbk  spe* 
greatness, 
merits  of 


WEEKLY     EVENING     MEETING, 


Friday,  February  21,  1868. 
Sib  Hkxrt  Holland,  Bart.  M.D.  D.C.L.  F.E.S.  President, 


Rbv.  M.  W.  Matow,  M.A. 
On  Haiiiht. 


Tbk  speaker,  after  ft  few  words  as  to  certain  modes  of  estimating 
came  more  directly  to  consideration  of  the  transcendent 
Hamlet.'  "For,"  said  the  speaker,  "here  first  I  would  say, 
however  much  tbe  other  plays  may  exceed  any  other  man's  execution, 
however  much  many  of  them  may  exceed  any  other  poet's  conception, 
yet  jire-emincntly  does  'Hamlet'  stand  out  beyond  all  other  works  in 
this  its  conception.  And  murk  the  difference  as  to  the  kiwi  of  con- 
ception which  is  exhibited  in  '  Hamlet.'  In  the  '  Tempest,'  in  the 
'Midsummer  Night's  Dream,'  in  'Macbeth,'  there  is  the  most  wonderful 
conception  of  the  feelings  and  nature  of  spiritual  beings—  suporn at ural 
beings,  transferred  In  this  nether  world,  and  acting  a  part  in  it.  This 
element  is  uot  wanting  iu  Hamlet.  The  Ghost  comes  and  speaks  as  a 
disembodied  spirit  might  well  be  supposed  to  speak  having  hit  canse 
to  prompt  him  j  but,  after  all,  the  wonder  of  wonders  iu  the  conception 
in  this  play  is  not  in  its  supernatural,  but  in  the  natural  elements. 
Hamlet  himself  is  tbe  marvellous  creation.  Some  may  think  it  more 
wonderful  to  seem  to  know  and  depict  to  the  life  spiritual  natures;  but 
to  me  it  does  not  seem  so,  at  least  not  when  such  a  character  as  that 
of  Hamlet  is  placed  in  the  opposite  scale.  We  have,  too,  better  means 
of  judging  of  men  than  of  spirits  how  true  the  depiction  is  to  nature. 
In  the  present  instance,  we  admit  this  truth  to  nature  in  Hamlet;  and 
yet  we  see  how  impossible  it  is  that  such  a  nature  should  ever  have 
been  conceived  at  all  if  Shakespeare  laid  not  portrayed  and  expressed 
it  Wo  eeo,  believe,  know,  that  Hamlet  is  all  nature— nature  of  the 
highest  order,  moral,  intellectual,  I  believe  too,  physical,— We  see  all 
these  excellences,  in  the  must  wonderful  combination,  under  the 
hardest  trial,  working  out  their  results,  till  we  are  assured  it  would  be 
a  philosophical  heresy  of  tbe  deepest  dye  to  question  a  single  point 
as  to  troth  to  nature  in  the  character ;  and  yet  the  character  is  so 
hard  to  make  out  that  no  two  men  seem  to  bo  agreed  as  to  Hamlet's 
feelings,  motives,  thoughts,  actions,  or  the  true  key  to  them.   See  then 
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hero  the  pro-eminence  of  the  creation  and  portrayal  of  such  a  character 
over  others.  Grant  that  Othello,  Caliban,  Prospero,  Lear,  Macbeth,  or 
their  equivalents,  might  be  reproduced  in  a  thousand,  or  ten  thousand 
years,  you  fed  the  world  most  run  out  u  million  before  you  would  have 
another  Hamlet :  that  in,  that  practically  neither  he  (nor  his  equivalent) 
will  ever  be  reproduced  at  all  You  see  there  might  be — there  is — there 
has  been  one  tuck  man  (he  is  a  trnc  man,  no  monster  even  in  excel- 
lences) since  the  world  began.  Now  that  he  stands  before  yon,  you 
recognize  and  confess  thiB  ;  but  you  see  also  that  if  Shakespeare  had 
not,  Prometheus-like,  put  life  in  him,  ho  would  never  have  been  at 
all.  And  this,  above  and  independently  of  nil  other  characters  in  the 
play — this,  apart  from  all  other  considerations :  all  beauty  of  dialogue, 
all  skill  in  execution,  melody  in  versification,  general  truth  of  senti- 
mont,  wisdom,  interest,  morality;  beyond  all  these  things— this  wonder 
of  conception  in  this  particular  'quintessence  of  dust'  places  'Hamlet,' 
in  my  judgment,  first  and  foremost  above  all  the  other  plays  in  order 
of  merit." 

The  speaker  then  proccedod  to  say  that  amid  the  raging  contests 
as  to  the  true  key  to  Hamlet's  character  and  actions  (which  time  did 
not  permit  him  to  go  through),  he  felt  bound  to  say  a  few  words  as 
to  his  own  conception  of  Hamlet,  lest  he  should  seem  to  held  him  up  to 
admiration  without  even  a  theory  of  tlie  excellences  or  consistency  of 
bis  character.  "The  fallowing,"  bo  said,  "is  in  my  conceit,  K/mething 
of  what  Shakespeare  intended  ;  A  man,  as  evidently  of  the  highest 
rank,  so  likewise  of  tin.-  highest  intellect;  of  the  most  perfect  form, 
the  most  delicate  organization,  tlie  utmost  natural  piety,  the  ruont 
exquisite  human  affections,  the  most  cultivated  understanding,  proved 
in  all  ways  of  reflection,  argument,  repartee  (Hamlet  is  absolutely  the 
quickest- wittod  mm  ever  drawn), — this  man  meeting  with  tho hardest 
trials  — 1st.  his  father's  death  ;  2nd,  his  mother's  incestuous  marriage 
with  li  in  uncle ;  and  3rd,  and  chief  of  all,  tho  revelation  of  his  father's 
murder,  and  of  the  murderer, — 

*  The  serpent  that  did  sting  thy  father's  life, 
New  wear*  bis  crown  ;' 

and  the  mission  of  vengeance  entrusted  to  him  by  the  Ghost,  apparently 
permitted  to  revisit  tho  earth  sololy  for  the  purpose  of  confiding  to 
him  this  knowledge,  and  enjoining  upon  him  this  duty.  All  this  utterly 
harassing  him — if  you  will,  dismaying  him  ;  but  not  deranging  his  in- 
tellect (I  cannot  admit  that) ;  till  he  is  in  the  most  dim  perplexity 
how  to  act.  All  which  difficulties,  too,  tlie  very  subtilty  of  his  faculties, 
and  tho  perfection  of  his  organization,  intellectual  and  moral,  only 
increase  and  enhance,  because  on  every  sido  ho  sees  objections,  and 
arguments,  anil  possible  dangers,  and  even  sins,  in  whatever  he  may 
do,  which  a  blunter  intellect,  or  n  duller  heart,  or  less  qnicfrnmJ 
feolings,  or  a  less  active  conscience  would  never  have  seen  or  felt  at 
all.      Thus  the  very  balance  of  his  excellences,  and  the  perfection 
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his  faculties,  made  him  to  be  poised  in  inaction,  and  (as  lio  says 
himself) — 

•  Thna  conscience  dnca  make  cownrds  of  us  all ; 

Anil  lliUfl  tin'  native  hue  i.f  resolution 

Is  sieklied  o'er  with  the  pain  east  of  thought ; 

And  niterprUs  of  gnat  pith  and  m 

Willi  Ibis  regard,  their  currents  ti 

And  lose  the  name  of  oetiun.' 


Add  to  all  this  hie  passionate,  tender,  true  love  for  tlie  gentle  and 
beautiful  Ophelia — and  what  a  new  cause  of  distress  is  there  I  Oh,  how 
it  cracked  his  heort-stringw  tn  reckon  this  among  the  'trivial  fond 
records'  which  were  now  no  more  to  have  any  part  in  his  life  or 
thoughts  I  What  wonder,  then,  that  these  tilings  strove  hard  to  upset 
bis  reason  (though  I  must  maintain  they  did  not)'?  or  what  wonder 
that  to  an  un discerning  dull  world  he  appears  to  he  full  of  nothing 
but  an  incomprehensible  irresolution?  " 

Mr.  Mayow  then  went  through,  in  Komo  detail,  the  evidence  of  the 
restraining  thoughts  which  addressed  themselves  to  such  a  mind  and 
heart  SB  Hamlet's  ;   and  dwelt  upon  his  manifest  unwillingness  to  kill 

-■■■■!',  i-.|M_viulh-  until  In.-  had  testa!  the  Ghost's  truth  by  the 
device  of  the  play.  He  admitted— nay,  claimed— that  oven  after 
being  satisfied  by  that  proof  of  the  king's  guilt,  ho  had  yet  the  utmost 
abhorrence  of  his  task,  and  pointed  to  this  trait  in  hie  character  as 
the  sufficient  explanation  of  the  fearful  scene,  where,  finding  the  king 
at  his  prayers,  he  refuses  to  kill  him,  on  the  motoaand  plea  that  to  do 
so  would  bo  "  hire  and  salary,  not  revenge."  Citing  Dr.  Johnson's 
criticism — "  This  speech  in  which  Hamlet,  represented  as  a  virtuous 
character,  is  not  content  with  taking  blood  for  blood,  but  contrives 
damnation  for  the  man  that  he  would  punish,  is  too  horrible  to  be 
read  or  to  be  uttered,"- — Mr.  Mayow  remarked  that  the  criticism  would 
be  just  if  Dr.  Johnson's  undorstaudmg  of  the  act  and  its  motive  were 
correct.  But  ho  thought  it  well  admitted  of  another  and  a  different 
reading,  wherein  we  might  find  one  of  the  most  marvellous  instances 
of  Shakespeare's  surpassing  genius,  by  which  he  gives  us  insight  into 
the  recesses  of  Hamlet's  mind,  and  shows  us  the  unlimited  resources 
of  his  intellect.  Here  he  came  upon  the  king,  alone  and  utterly 
defenceless  before  him,  when  there  was  no  possible  difficulty  in  killing 
him.  As  he  said, — "  Now  might  I  do  it  put ;  "  but  ho  had  no  mind  to 
do  it.     When  it  oamo  to  the  point  he  abhorred  the  deed.      Even 

_h  by  the  test  of  the  play  be   Wfl -wholly  satisfied  of  the  king's 

;.  yet  his  old  dislike  and  detestation  of  the  act  remained.  And 
i  what  plea  could  he  find  for  not  now  executing  his  mission  ?  Hero 
u  quickness  of  his  intellect  hit  upon  the  only  possible  hindrance 
or  objection, — that  thus  to  take  him  at  his  prayers  would  bo  to  send 
him  to  heaven,  and  so  no  vengeance.  The  thought  served  its  turn. 
He  had  found  a  cause  for  delay.  He  let  the  king  escapes  m«i  all  that 
follows  in  the  speech,  drawing  out  with  horrible  distinctness  this 
assumed  motive  for  his  sparing  him,  is  but  the  evidence,   nut  of  the 
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malignity  of  his  heart  and  uatnre,  but  of  the  inexhaustible  fertility  of 
his  imagination  and  hie  argumentative  powers,  by  which  ho  could  in  a 
moment  dress  up  all  which  should  look  like  a  reason  in  the  perfection 
of  words,  as  well  as  in  the  most  absolute  completeness  and  plausibility 
of  invention.  After  noticing  some  minor  evidences,  confirmatory  of 
this  view  of  Hamlet's  character,  the  speaker  pointed  to  the  final 
catastrophe  of  the  play  as  entirely  consistent  with  it;  inasmuch  as  at 
the  last,  even  after  he  knew  the  fresh  and  fresh  instances  of  the  king's 
villiiiiv,  it  is  more  upon  excitement  and  impulse  than  upon  reason 
or  deliberation  that  he  acts,  and  this,  too,  upon  the  new  and  deep 
provocation  of  his  mother's  death,  and  when,  if  he  any  longer  delayed, 
liis  mission  of  retribution  could  not  bo  executed  at  all. 

The  speaker  then  proceeded  at  considerable  length  to  the  question 
of  Hamlet's  madness.  Was  )t  real  or  feigned?  Or  feigned  at  first, 
and  in  his  own  intention,  but  passing  on  afterwards  beyond  Mb  own 
control  into  a  real  derangement  of  mind,  even  without  his  knowing  it 
himself,  as  many  great  critics — Dr.  Conolly  for  instance,  and,  in  some 
measure,  even  Coleridge — seem  to  think?  To  this,  however,  Mr.  Mayow 
could  not  for  a  moment  assent  Ho  did  not  believe  Hamlet  was  mad, 
not  in  any  degree,  nor  upon  any  point.  Ho  was  over-wrought,  worn, 
sick  at  heart,  perplexed,  oppressed  by  all  which  was  laid  upon  him  to 
suffer  and  to  do  ;  but  there  was,  he  thought,  no  evidence  to  show,  either 
as  to  Shakespeare's  intention,  or  as  to  his  own  conduct,  any  perversion 
of  his  reason,  any  cloud  upon  his  intellect,  any  delusion  upon  his 
miud,  as  to  any  single  matter  in  which  he  was  concerned.  If  any 
maintained  the  contrary  theory,  it  could  not  be  too  much  to  ask,  \chat 
and  where  was  the  ddusim.  Of  course  it  was  not  to  be  token  as  a 
delusion  that,  he  saw  the  ghost,  or  received  his  mission  from  him.  This 
was  a  postulate  fit'  tlio  whole  play,  and  was  to  be  taken  for  granted  by 
all,  as  Indeed  others  of  whose  sanity  there  was  no  question,  saw  and 
heard  him  as  well  as  Hamlet.  Then  by  a  somewhat  lengthened 
examination  of  the  prince's  perception  in  their  trno  character  of  all 
the  persons,  things,  and  circumstances  around  him,  the  speaker  arrivi  " 
at  tho  conclusion  that  no  single  matter  could  be  pointed  out  in  relati< 
to  which  ho  was  under  any  delusion  whatever. 

But  beyond  such  negative  proof,  there  existed  many  positive  proofs 
of  his  sanity.  Ovor  and  above  other  things,  such  as  his  dialogues 
with  Horatio,  Kosencrantz,  and  (iuilden stern,  with  the  players  and 
the  grove  diggors,  the  speaker  directed  attention  especially  to  hie 
soliloquies,  and  the  inuiieiliiit.e  transition  fruiii  Ins  flignod  dinjoint- 
ednessof  mind,  to  tho  most  sound  appreciation  of  everything,  upon  his 
being  left  alone.  In  a  single  moment,  said  the  speaker,  he  is  himself, 
aud  shows  himself  competent  to  deal  with  every  thought  and  every 
circa  install  i*.  And  this  was  not  the  mere  coming  to  a  lueid  interval, 
but  the  having  the  entire  command  of  himself  so  oh  at  his  own  mere 
will,  at  all  times,  and  in  a  moment,  to  come  to  this  lucid  interval,  as 
tho  advocates  of  his  madness  must  call  it.  Among  many  other  in- 
stances of  this  sort  and  kind,  Mr.  Mayow  noticed,  especially,  the 
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few  words  uttered  by  him,  immediately  upon  the  players  leaving  him 
subsequently  to  hie  first  idea  of  the  play.  On  their  going  out  he 
■ays. — ■  Now  I  am  alone."  Those  four  words  seemed  to  be  an 
absolute  prouf  of  sanity.  [i  Now  I  am  alone."  The  restraint  is  off  me, 
1  know  all  I  have  been  doing,  all  I  have  been  acting,  and  now  I  eon 
unbend  and  commune  with  my  soul,  and  ask  it,  Why  I  am  so  tardy  in 
what  1  have  to  do '?  or,  Whether  there  \te  not  some  need  for  caution  and 
farther  testing  the  truth  of  the  ghost's  story  before  committing  myself 
irrevocably  to  carry  out  his  behest? 

The  speaker  arrived  at  the  same  conclusion  from  an  examination 
of  the  closet  scene  with  bis  mother,  and  particularly  the  test  of  sanity 
which  he  offers  when  be  says — 

"Ecstncy  I 

My  pulm?,  na  yours.  'Intli  Idnjn  rn  ( ■  iy  ki'cp  time. 
And  tusikca  as  Ittiiltli  Hit  music  :     •         *         * 
•         •         "         •     bring  md  to  the  teat. 
And  I  the  mutter  will  reword  ;  which  nindneBS 
Would  gnxubol  from.'' 

Of  which,  in  spite  of  all  cavillers,  Mr.  Mayow  affirmed  that  he 
could  not  doubt  Shakespeare  himself  intended  it  to  be  a  true  test  of  a 
sound  mind ;  "  and  if  so,"  ho  said,  ''  I  will  back  him  to  have  drawn  it 
rightly,  against  the  world  and  all  other  authorities  in  it,  and  I  hope 
and  think,"  be  added,  "  that  I  shall  go  near  to  have  your  suffrages 
with  me  in  the  wager." 

The  sjieaker  then  examined  what  he  believed  by  the  advocates  of 
the  insane  theory  was  considered  their  stronghold, — Hamlet's  cruel 
behaviour,  as  they  affirm,  to  Ophelia,  of  which  they  conceive  the  only 
explanation  must  he  that  he  was  mad  ;  in  short,  that  the  only  way  in 
which  to  save  his  character  as  a  gentleman  is  to  give  him  up  as  a 
lunatic.  But  the  speaker  thought  all  this  admitted  of  another  and  a 
better  explanation.  It  must  not  be  forgotten,  first,  that  he  hod  made 
it  a  special  object  to  get  it  reported  and  believed  that  bo  was  mad. 
It  w  part  of  bis  schome,  and  by  his  conversation  with  Ophelia  he 
certainly  took  means  to  obtain  currency  for  such  report  and  rumour; 
whilst,  secondly,  it  must  be  borne  in  mind  that  he  felt  hound  to  break 
off  wholly  his  thoughts  of  love  (what  this  cost  him,  the  scene  after- 
wards at  her  funeral  showed ),  and  yet  he  would  feel  it  was  even  more 
cruel  simply  to  withdraw  himself  from  her  without  a  reason,  than  to 
act  as  he  did,  whilst  at  the  same  time  to  explain  was  impossible.  To 
let  his  feigned  madness  then  take  such  a  turn  of  severity  and  sarcasm 
as  might  revolt  her  mind  from  him,  and  almost  disgust  her  with  his 
pretence,  might  well  be  in  bis  motives  for  bis  conduct  towards  her. 
At  the  same  time,  thirdly,  a  large  part  of  his  dialogue,  with  her,  and 
the  extreme  severity  of  his  reflections  upon  women  ("to  a  nunnery  go," 
Ac.),  may  most  naturally  be  traced  and  set  down  to  the  heart-breaking 
bitterness  of  hie  thoughts  in  connection,  not  with  Ophelia,  but  with  his 
mother,  and  to  the  shame  which  he  felt  ahe  had  cast  on  the  whole  race 
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of  women.  "All  this,"  said  the  speaker,  after  giving  various  instances 
of  the  sarcasms,  "  seems  to  ine  but  the  natural  outcome  of  his  most 
acute  anil  metaphysical  miud  when  once  he  let  it  run  free  into  the 
appearance  of  being  unhinged  under  the  motives  which  I  have  men- 
tioned, and  when  ho  did  not  try  to  repress  the  disgust  with  which  his 
mother's  conduct  had  filled  him.  And  oh !  it  would  make  me  net  at 
heart  to  believe  that  all  that  subtle  imagination, — that  prompt  wit, — 
that  unrivalled  perception,— that  intense  aptitude,— that  deep  pene- 
tration,— that  profound  philosophy,— that  refined  taste, — that  telling 
sarcasm, — that  sharp  repartee, — thai  unequalled  diction, — that  awful 
power, —  that  quick  conscience,  -  that  tender  heart, — that  heroic  tem- 
per,— were  all  but  the  developments,  or  at  least  the  accompaniments, 
of  a  disturbed  fancy  and  a  deranged  mind,  and  not  the  representation 
to  us  by  him  who  alono  was  able  to  conceive  or  draw  the  picture,  of 
tho  most  perfect  intellect  which  the  world  has  ever  witnessed.  But 
for  Shakespeare  himself  we  well  might  say  that  Hamlet  is  the  greatest 
genius  the  world  lias  ever  known." 

Ho  ought  to  add  a  word  perhaps  to  show  Hamlet's  claim  to  this 
praise, — to  show  his  wonderful  quick- wittedn ess,  versatility,  and  in- 
tellectual power.  These  wcro  tho  qualities  which  in  part  made  it  so 
difficult  to  understand  him,  and  therefore  also  to  represent  him.  Let 
it  bo  obsorved,  he  is  up  to  everything,  sees  everything,  knows  every- 
thing, understands  even-thin;.',  weighs  and  appreciates  everything  (aye 
at  a  single  glance),  and  is  able  to  excel  in  everything.  He  is  so  ready 
and  perfect  in  everything,  and  by  instinct  so  throws  himself  into  every 
pursuit,  that  oven  under  the  pressure  of  his  great  trial  he  cannot  shake 
off  this  his  nature.  However  repressed  iuhiscouimimings  with  himself, 
it  burets  ont  afresh  continually  in  bis  intercourse  with  others.  See  it 
in  his  converse  with  Horatio,  Polonius,  Rosen  crantz,  and  Uuildenstwn ; 
in  his  directions  to  the  players ;  in  his  composition  of  the  scene  in- 
serted in  the  play  ;  in  bis  talk  with  |L-  gnivc-di^ers;  in  all  be  does  and 
says  everywhere  ;  not  least  in  the  triumphant  and  though  bombastic, 
yet  most  true  and  pathetic  outbreak  of  doggerel  upon  the  termination 
of  the  play,  and  tho  king's  abrupt  departure  "  frighted  with  falsa  fire." 


"  Why,  let  the  itrucken  deer  go 

The  hart  uugalled  piny  ; 

For  some  must  wnlcli,  while  s 

Thus  runa  tho  world  away." 


line  nmst  sleep: 


whi< 


Now  these  characteristic.-  were  amongst  tho  things  which  mado  tho 
great  difficulty,  almost  impossibility,  of  acting  Hamlet  satisfactorily. 
The  player  is  disposed  to  put  too  much  way,  if  it  may  be  so  said,  on 
the  boat  in  order  to  steer  it.  He  cannot  combine  the  interest  which 
Hamlet,  from  the  activity  of  his  mind,  still  takes  in  other  things  with 
bis  great  concern  in  his  main  pursuit  and  mission.  Whereas  Hamlet's 
fancy  is  so  various,  his  wit  so  ready,  his  versatility  so  great,  his  in- 
terest in  all  ho  touches  so  vivid,  that  this  one  strung  absorbing  current, 
which  the  actor  gives  him  as  to  his  mission  of  vengoance,  is  to  a 
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There 
versatile  intellect 
to   pass  over, 


certain  extent  contrary  to  his  bent,  and  to  a  sort  of  way wardnoss  which, 
ie  a  port  of  him,  anil  which  is  very  hard  to  render.  Thus  (to  take  an 
example)  it  has  been  said  no  player  has  evor  been  able  to  givo  rightly 
the  nurds,  "  Well  said,  old  mole,  can 'at  work  bo  fast  i'  the  earth," 
Bo  as  to  combine  with  the  recklessness  and  levity  of  the  phrase,  and 
the  turn  of  thought  shown  in  it,  the  due  and  deep  reverence  for  Ilia 
father  which  was  an  absolute  and  integral  part  of  Hamlet's  nature. 

e  further  proof  in  illustration  of  all  this  power  and 
i  Hamlet  whieh  the  sjieaker  was  unwilling  wholly 
so  it  was  furnished  by  a  test  which  ho  did  not 
n  elsewhere  applied.  He  would  assert  that  Hamlet 
"  myriad-niinded,"  so  had  the  intellect,  feeling,  perceptions  of 
every  one  else,  and  that  we  are  so  unconsciously  conscious  of  this  (if 
the  expression  might  be  used),  that  wo  should  recognize  a  vory  large 
number  of  other  speeches  as  natural  in  his  person.  He  would  say, 
try  other  people's  sayings  throughout  the  other  plays  in  the  mouth 
of  Hamlet,  and  it  will  be  found  ho  might  have  said  them — he  would 
not  say  ail,  but  to  an  enormous  extent — with  perfect  justness  and  con- 
sistency, though  of  so  very  various  and  different  kinds. 

And  this  would  he  found  to  be  all  the  more  remarkable-  because, 
for  the  most  part,  Shakespeare's  speeches  in  the  mouths  of  their  dif- 
ferent speakers  are  entirely  characteristic,  suitable  only  to  those  who 
utter  them.  They  are  not  at  all,  as  a  rule,  interchangeable,  and  no 
one  but  the  man  who  dim  say  them  should  say  them.  So  that  it  has 
been  affirmed,  perhaps  with  a  little  exaggeration  of  phrase  but  yet 
certainly  with  an  underlying  truth,  "  Were  all  Shakespeare's  plays 
to  be  acted  at  once,  they  would  require  upwards  of  700  performers, 
besides  crowds  and  suites,  yet  of  all  these  personages  not  one  in  the 
If  lit  resembles  another  ;  there  is  no  repetition  ;  Una  variety,  coupled 
with  the  perfect  truth  to  nature  in  each  case,  is  marvellous,  one  is 
almost  tempted  to  say,  miraeulouB."*  Now  this  would  bo  found  true 
to  the  extent  that  wo  ought  to  be  able,  when  a  few  linos  of  any  dis- 
tinctive bearing  are  recited,  even  if  we  do  not  romember  the  passage, 
to  give  at  least  a  good  guess  at  the  speaker.  For  instance,  take  the 
linos: — 

.  .  .  "  O !  that  a  man  might  know 
Tim  tucl  of  this  day's  I>ii9im.'»  tV-r  it  rome; 
But  it  Miflfretli  thai  tLe  ilny  will  end, 
Aud  then  the  eod  ia  kuown.'' 

Now  whose  speech  is  this?  Any  man  perhaps  in  an  anxious  pant- 
ing expectation  of  some  great  event  might  say  the  first  two  linos— 


But  th*  turn  of  iho  latter  part  is  peculiar :  the  almost  stoical  philo- 
sophy ;  the  calm  resignation  to  what  shall  bo  ;  the  very  turn  of  the 
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phrase — not  the  end  will  be  known,  but  tho  end  i*  known — points  to 
one  man  as  tho  speaker — Brutus,  before  tho  battlo  of  Philippi.  And 
jet  Hamlet  might  have  said  the  words,  and  given  expression  to  their 
sentiment  in  every  part.  Take  other  different  speakers,  and  yet  the 
rule  would  hold  good.  Who  but  himself  would  seem  able  to  say  the 
majestic  lines  of  Frospero,  describing  the  lapse  and  fall  of  the  earth 
and  all  that  therein  is  ? — 


"  Onr  revels  now  urc  ended  ;  Ihusc  our  actors. 
As  I  foretold  you.  were  all  spirits,  and 
Are  melted  into  air,  into  thin  air ; 
And,  likti  11m-  LmwIl  .J-  lalirh1  uf  I  his  vision, 

Tin;  "1 l-eappi.d  L'iwir.1.  I  In;  ^nr^Liiua  palaces, 

Tlie  Mil  ..'in  n  li  in  jili  ■!*.  tlio  gn»t  globe  ilself, 
Tea,  all  wliir'h  n  inlinit,  s-iiull  dissolve, 
And,  like  this  iiisiilir-hiiiliiil  f.nu'iimt  faded. 
Leave  uot  »  r.iek  behind.     We  ure  siu-li  stuiT 
As  ilit-.iirih  an-  made  on,  and  our  little  life 
Is  rounded  with  a  sleep." 


And  yet  Hamlet  might  have  said  this  very  speech  throughout  with 
perfect  propriety.  Equally  the  exclamation  of  Trinculo,  creeping 
under  the  gabardine  of  Caliban  to  avoid  the  storm — 

"  Misery  acquaints  a  man  with  stninge  lied-fetlows." 

Or,  again,  FalsturTs  quaint  interpolation — 

'*  Rebellion  lay  in  his  way  and  he  found  it." 

Or,  almost  all  the  wit  and  imagination  of  Mereutio,  from — 

"  0 1  then  I  see  Queen  Mub  has  been  with  you.'* 
to— 

"  But  I'll  bo  hanged,  sir.  if  lie  wear  your  livery." 

Or  the  philosophic  musings  of  tho  melancholy  Jacques ;  or  the  love- 
making  of  Orlando  ;  or  tho  sighing  pang  of  utterance  in  Rosalind — 

"  0  1  how  bitter  it  is  to  look  inlo  himihinM  thlQDgb  another  man's  eyes." 

Or  the  moralizing  reflection  of  that  lord  in  '  All's  Well  that  Ends 
Well'— 

"The  web  of  our  life  is  a  mingled 
would  be  proud  if  our  faults  whipped  t 
they  were  not  cherished  by  our  virtues." 

Or  the  whole  of  Henry  V.'e  wondorful  conversation  and  argument 
with  the  soldiers  the  night  before  tho  battlo  of  Agincourt ;  or  Lear's 
word — 

"  A  man  more  sinned  against  than  sinning." 

Or  Viola's— 

"Bhe  never  told  her  love." 


K 
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Or  even  Juliet's  (supposing  him  a  few  years  younger,  and  brought 
into  the  corresponding  circumstance),  even  Juliet's  first  sweet,  musing, 
despairing  confession — ■ 

•'  My  only  love  sprung  from  my  only  hate. 
Too  euily  seen  unknown,  and  known  too  lota." 

Or  that  great  line  of  the  wise  Ulysses — 

"  Olio  touch  of  nalum  imikes  the  whole  world  kin." 

o  wide  a  knowledge 


"  A  plague  of  opinion :  a  man  may  went  it  on  both  sidi's.  like  a  leathern  jerkin," 


Antony  and  Cleopatra.      Her 
10  how  much  f 


Or  the  great  question  and  answer  of 

"  If  it  be  love  indeed,  tell 
And  his  reply — 

"There's  beggary  in  the  love  that  can  be  reckoned.' 

Or  a  thousand  otlior  pieces  of  wit,  philosophy,  sarcasm,  narrative, 
description,  sentiment,  which  might  How  from  Hamlet,  whilst  the 
converse  will  hardly  hold  good  with  MM,  there  being  no  character  in 
all  the  plays  who  could  for  a  moment  sustain  Hamlet's  part,  or  with 
any  plausibility  give  forth  his  utterances. 

"  Here  thon,"  said  the  speaker,  summing  up  his  remarks,  "  here 
I  believe  we  have  the  masterpiece  of  all  hunum  composition.  Take 
Poetry,  as  the  highest  kind  of  all  art;  take  Dramatic  poetry  as  tho  highest 
kind  of  Poetry  ;  take  Tragedy  as  the  highest  sort  of  Drama  ;  take 
Shakespeare  as  the  highest  writer  of  Tragedy  ;  take  '  Hamlet '  as  the 
very  top  and  crown  of  his  tragedies  and  of  all  his  writings,  and  yon 
come  to  this  result.  So  full  and  great  a  result  that  our  ordinary 
feeble  intellects  toil  after  him,  in  great  measure  in  vain ;  so  rich  a 
mine  as  never  to  be  exhausted ;  so  true  and  divine  a  moral  as  never  to 
be  out  of  date.  Yes,  a  moral,  though  not  a  strained  or  forced  one- — 
teachingjuBt  as  God  teaches  in  the  world  around  us.  I  say  teaching 
that  this  world  is  not  the  place  for  exact  compensation  or  retribution, 
where  things  crooked  are  made  straight,  or  things  rough  made  smooth; 
but  that  these  imperfections,  inequalities,  and  dislocations  are  hut  the 
trials  of  our  faith  in  a  world  that  is  a  place  of  trial.  As  one  of 
our  greatest  poets  has  said — 


Trials  of 


faith,  purifiers  cf  our  fallen  nature,  and  tho  argument 
to  as  of  a  better  world,  whore  all  which  is,  or  seems  to 
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us  to  be,  unequal  or  unintelligible  shall  be  both  set  right  and  ex- 
plained :  all  ordered  trad  weighed  in  tho  unerring  balances  of  God. 
As  it  is  said,  in  tbo  fullest  convietion  that  all  is  ordered  by  Him  : — 


Or  again,  that  it  is  not  only  ordered,  but  ordered  right  :— 


[M.  W.  M.] 
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On  the  Rale  at  ichich  Chemical  Actions  tahe  place. 

The  science  of  Chemistry  may  be  defined  as  the  seieuee  which  inves- 
tigates the  relations  of  tho  different  kinds  of  matter  one  to  another. 
The  conception  of  dilfurent  kinds  of  matter, — each  of  which  has  its 
particular  character,  its  own  colour  and  crystalline  form,  its  own  hard- 
ness and  brittleness  or  the  reverse,  its  own  conducting  powere,  its  own 
specific  heat  and  Hpeciiic  gravity,  and  many  other  peculiarities  of  its 
own,  and  each  of  which  is  homogeneous,  the  smallest  particle  having 
all  these  properties  equally  with  the  largest  maj-s, — is  the  fundamental 
conception  of  Chemistry. 

And  tho  whole  world  to  a  chemist  is  only  a  mixture  of  such  different 
kinds  of  matter,  whose  mode  of  aggregation  lias  been  and  is  being 
determined  by  physical  and  vital  forces  which  are  foreign  to  his 
science,  but  whose  resemblances  and  differences,  and  whose  changes 
under  changed  conditions  or  by  contact  one  with  another,  form  the 
subject  of  hia  study. 

In  the  study  of  any  chemical  change  thero  are  two  things  to  be 
discovered :  first,  the  retail  of  the  change, — what  kinds  of  matter  have 
ceased  to  exist  and  what  have  come  into  existence  ;  and  secondly,  the 
course  of  the  change;  as  to  which  such  inquiries  as  the  following  pre- 
sent themselves,— at  what  rate  does  the  change  occur,  and  under  what 
conditions  ?  Is  it  simple,  or  does  it  consist  of  several  changes  ?  Are 
these  dependent  or  independent,  successive  or  simultaneous  ? — with 
many  others  of  a  more  hypothetical  kind  as  to  tbo  molecular  nature 
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the  change.  A  familiar  example  of  this  twofold  nature  of  chemical 
inquiry  may  he  drawn  from  the  case  of  a  fire,  a  chemical  change  which 
baa  boon  more  watched  than  any  other.  We  know  all  that  ia  to  bo 
known  aa  to  the  result  of  the  change,  when  we  have  diacovered  that 
the  coals  are  a  mixture  of  various  hydrocarbons  with  a  email  quantity 
of  metallic  salts,  that  the  air  is  a  mixture  of  oxygen  and  nitrogen,  and 
that  when  the  fire  baa  burnt  out,  there  exists,  instead  of  so  much  coal 
and  bo  much  air,  a  quantity  of  carbonic  acid  and  water,  the  salts,  which 
form  the  ash,  and  the  nitrogen  remaining  mainly  as  they  were.  But 
there  is  still  much  besides  this  to  be  found  out  aa  to  the  burning  of  the 
fire.  How,  for  example,  is  the  rate  at  which  it  burus  affected  by  the 
draught,  or  by  the  density  of  the  air,  or  by  the  breaking  up  of  the  fuel, 
or  by  access  of  the  sun's  rays?  What  are  the  substances,  formed 
from  the  heated  coal,  which  actually  burn  ?  Does  the  reduction  of  the 
products  of  combustion  by  carbon  play  an  important  part  in  the  phe- 
nomenon 1  Such  questions  as  these  r  Jute  to  the  comae  of  the  chemical 
change. 

The  two  lines  of  inquiry  thus  indicated  have  been  pursued  with 
very  unequal  vigour.  The  study  of  the  results  of  chemical  action  lias 
engrossed  the  attention  of  chemists  almost  to  the  exclusion  of  the 
study  of  their  course.  And,  indeed,  so  great  is  the  number  of  different 
kinds  of  matter,  all  capable  uf  undergoing  a  multitude  of  changes  by 
the  action  of  heat  or  electricity  or  by  ci  intact  with  others,  giving  rise 
thus  to  new  kinds  of  matter  capable  of  niiuihir  changes,  that  this  part 
of  the  science  appears  absolutely  boundless.  The  direction  which 
chemistry  has  taken  in  consequence  of  this  hirporabttocluioe  of  mate- 
rials may,  perhaps,  bo  contrasted  with  that  taken  by  physical  science. 
If  the  number  of  distinct  physical  joins  nu  t  with  in  nature,  such  as 
gravity,  magnetism,  electricity,  heat,  light,  &c,  instead  of  being  quite 
a  small  number,  had  been  a  large  number,  and  these  forces  bad  proved 
to  he  convertible  not  only  one  into  another  but  into  an  infinite  variety 
of  other  distinct  forces,  physical  experimentalists  might  have  occupied 
themselves  wholly  with  establish:!!;;  the-  ti-.tiisinulatioii*  uf  one  kind  of 
force  into  another  and  creating  new  modes  of  force,  instead  of  studying 
minutely,  as  they  have  done,  the  conditions  under  which  the  existing 
forces  are  produced,  and  the  laws  which  govern  their  distribution  and 
transformation. 

It  is,  however,  not  only  tho  vastnosa  of  the  chemical  field,  and  the 
particular  satisfaction  which  so  solid  a  result  as  the  creation  of  a  new 
kind  of  matter  brings  to  the  mind  of  the  investigator,  which  has  led 
to  the  neglect  of  the  study  of  the  course  of  chemical  changes.  This 
study  is  beset  with  peculiar  difficulties,  and  indeed,  out  of  the  vast 
number  of  chemical  changes  whose  results  are  known,  there  are  but 
very  few  whoso  course  can  readily  bo  observed.  The  principal  reason 
of  this  is  the  velocity  with  which  such  changes  take  place  ;  and  this 
velocity  is  apt  to  bo  tho  greatest  in  the  case  of  the  simple  chemical 
actions  which  are  most  suitable  for  investigation.  Either,  then,  wo 
must  contrive  some  mode  of  estimating  a  very  great  velocity,  as  h 
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been  dono  for  tho  measurement  of  tho  rate  at  which  light  and  elec- 
tricity travel,  or  we  must  select  a  change — and  tliis  the  variety  of 
chemistry  makes  possible— which  proceeds  at  a  rate  convenient  for 
observation. 

Examples  of  tho  different  velocity  of  chemical  changes  are  furnished 
by  the  precipitation  of  a  barium  and  of  a  calcium  salt  from  their  solu- 
tions upon  tlie  addition  of  a  sulphate.  With  tho  former,  the  change 
is  apparently  instantaneous.  The  result  is  known,  but  the  course  can- 
not be  observed.  With  tho  latter,  the  change  is  gradual,  and  it  would 
be  possible  to  determine  its  rate  at  different  temperatures  anil  with 
different  quantities  of  tho  two  salts  in  solution. 

The  decomposition  of  a  hypo  sulphite  in  an  acid  solution  is  another 
example  of  a  gradual,  observable  change. 

Wo  may  compare,  also,  the  reduction  of  a  cbromate  by  a  sulphito 
and  by  an  oxalate.  The  former  occupies  no  appreciable  time;  the 
actual  time  is,  doubtless,  greater  in  a  more  dilute  solution  and  at  a 
lower  temperature,  bat  wo  cannot  discern  any  difference.  But  with 
an  oxalate  for  reducing  agent,  though  the  filial  Demit  of  the  change 
is  tho  same,  the  action  takes  a  long  time  to  accomplish  itself,  and  it 
would  bo  quite  practicable  to  observe  in  what  way  different  circum- 
stances affect  its  rate. 

But  in  order  to  discover  the  laws  which  govern  tho  rato  of  any 
chemical  change,  some  exact  mode  of  measuring  the  rate  is  necessary. 
It  remains  to  show  how  ibis  may  he  accomplished  in  certain  cases. 

A  solution  of  ammonium  nitrite,  heated  to  a  temperature  of  about 
80"  C.  in  a  fiask  provided  with  a  gas  delivery  tube,  gives  off  a  quantity 
of  nitrogen,  which  may  be  collected  over  the  pneumatic  trough.  "* 
keeping  the  temperature  constant,  and  collecting  the  gas  ovol 
during  successive  equal  intervals  of  time  in  similar  cylinders,  it 
possible  at  once  to  show  the  regular  diminution  in  the  volume  of  L 
which  is  caused  by  the  eonstitnt  diminution  of  the  quantity  of  salt  ill 
solution.  And  by  making  the  experiment  and  measuring  tho  quan- 
tities of  gas  with  accuracy,  it  would  lie  possible  to  discover  the  relation 
between  the  amount  of  change  going  on  at  any  moment  and  the 
amount  of  salt  in  solution,  and  also,  by  making  the  experiment  at 
different  temperatures,  to  discover  how  tho  temperature  of  tho  solution 
affects  thr  rate  at  which  the  action  takes  place. 

The  reduction  of  a  permanganate  by  an  oxalate  in  an  acid  solution 
furnishes  another  case  of  a  gradual  measurablo  change,  and  has  boen 
more  fully  studied.  Hero  it  is  possiblo  to  start  tho  change  at  any 
moment  by  adding  tho  measured  quantity  of  permanganate  to  tho 
other  ingredients  and  mixing  rapidly.  It  is  also  possible  to  stop  it 
at  any  moment  by  adding  a  solution  of  iodide  to  tho  mixture;  and  tho 
iodine  which  is  set  tree  by  the  action  of  tho  residual  permanganate 
corresponds  to  it  in  qnantity  and  can  readily  bo  estimated.  By 
making  a  number  of  such  experiments,  differing  from  one  another  only 
in  the  time  during  which  the  gradual  change  is  allowed  to  proceed,  its 
course  may  lie  traced  throughout  with  any  required   degroo  of      ' 
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ness.  The  results  obtained  in  many  series  of  such  experiments 
given  in  the  'Philosophical  Transactions  for  1866,'  p.  206.  The 
general  conclusion  to  which  they  lead  is  that  tho  total  amount  of 
change  occurring  at  any  moment  is  directly  proportional,  all  other 
conditions  being  alike,  to  the  amount  of  permanganate  in  tho  solution. 

Tho  last  chemical  change  which  ban  been  investigated  from  this 
point  of  view,  is  that  which  takes  place  when  dilute  acid  solutions  of 
an  iodide  and  a  dioiide,  such  as  barium  «r  sodium  dioxide,  are  mixed 
together.  By  arranging  suitably  tho  dilution,  acidity,  and  tempe- 
rature of  tho  solution,  the  change  may  be  made  to  proceed  at  any  rate 
that  is  most  convenient  for  measurement.  One  of  the  products  of  tho 
change  is  iodine,  a  substance  for  which  we  have,  in  its  action  on 
starch,  a  most  delicate  test.  By  bringing  a  small  known  quantity  of 
hyposulphite  into  tho  liquid,  all  the  iodine  that  is  formed  by  tho 
gradual  reaction  of  peroxide  and  iodide  is  reconverted  into  iodide,  and 
this  continues  till  iodine  enough  hiis  been  formed  to  remove  all  tho 
hyposulphite.  As  soon  as  tho  last  particle  of  hyponlpbtte  has  been 
removed  (converted  into  tetrathionate),  free  iodine  appears  in  tho 
solution,  and  the  moment  of  its  appearance  may  bo  noted  by  carefully 
watching  the  colour  of  the  liquid.  By  adding  successive  quantities 
of  hyposulphite,  anil  observing  the  interval  which  elapses  between 
successive  reappearances  of  tho  bluo  colour  of  tho  iodide  of  starch,  it 
is  possible  accurately  to  determine  tbo  rate  at  which  tho  change  is 
proceeding.  An  account  of  a  number  of  experiments  made  in  this 
way,  and  of  their  results,  is  to  bo  found  in  the  '  Philosophical  Trans- 
actions for  18C7,"  p.  117.  Each  set  of  observations  determines  at 
what  rate  the  dioiido  is  reduced  under  certain  definite  conditions; 
and  by  making  different  series  of  experiments,  iu  which  the  several 
conations  affecting  the  rate  of  change  are  systematically  varied,  it  is 
possible  to  discover  tbo  laws  of  connection  between  each  of  tho 
conditions  and  the  amount  of  change.  Having  discovered  these  laws, 
our  knowledge  of  tho  change  is  so  for  complete,  and  we  can  predict 
with  certainty  tho  time  that  would  be  required  for  any  given  amount 
of  change  nnder  any  given  circumstances. 

The  following  propositions  embody  tin ■  principal  conclusions  to 
which  the  examination  of  these  cases  of  gradual  chemical  change  has 
led:— 

1.  Tho  rate  at  which  a  chemical  change  proceeds  is  constant 
under  constant  conditions,  and  is  independent  of  tho  time  that  has 
elapsed  sinco  tho  change  commenced. 

2.  When  any  substance  is  undergoing  a  chemical  chango,  of 
which  no  condition  varies,  excepting  tho  diminution,  of  the  changing 
substance,  tho  amount  of  change  occurring  at  any  moment  is  directly 
proportional  to  the  quantity  of  tho  sulistanco, 

8.  When  two  or  more  substances  act  one  upon  another,  the  amount 
of  action  at  any  momeut  is  directly  proportional  to  tho  quantity  of 
each  of  tho  substances. 

4.  When   tho   rate  of  any  chemical   change    is   affected  by 
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a  substance,  which  itself  takes  no  part  in  the  change, 
the  acceleration  or  retardation  produced  is  directly  proportional  to 
the  quantity  of  the  substance. 

5.  The  relation  between  the  rate  of  a  chemical  change  occurring 
in  a  solution,  and  the  temperature  of  the  solution,  is  such,  that  for 
every  additional  degree  tho  number  expressing  the  rate  is  to  be  multi- 
plied by  a  constant  quantity. 

IA.  V.  H.] 


GENERAL  MONTHLY  MEETING, 

Monday,  March  2,  1868. 

William  Sfottiswoode,  Esq.,  M.A.  F.R.S.  Treasurer  and 
Vice-President,  in  the  Chair. 


Alexander  Macmillnn,  Esq. 
William  Ingram  Marter,  Esq. 
Thomas  Parry,  Esq.  M.P. 
Mrs.  Frederick  Pollock 
Robert  Prance,  Esq. 
Miss  Edith  Prance 
Edward  Smirke,  Esq. 
John  Palraor  Stockor,  Esq. 
Charles  II.  Lardnar  Woodd,  Esq. 


Frederick  Dale  Banister,  Esq, 
Peter  Henry  Berthon,  Esq. 
Miss  Martha  Conway 
Mrs.  Ernest  Hankey 
Charles  Hart,  Esq. 
Mrs.  Henry  Huth 
Benjamin  Isaac,  Esq. 
Morton  Latham,  Esq. 
Mrs.  Lb  Breton 
Robert  Longsdon,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  following  Repeals  and  Enactments,  in  alteration  of  the  Bye- 
Laws  of  tho  Royal  Institution,  were  passed  : — 

In  Chaiteb  It,  Art.  6,  fur  the  word  "Jive,"  in  the  third  line,  substitute  the 

In  the  fifth  lino  of  tho  same  Article  insert  the  wan!  "  eubsequent  "  between  the 
wurds  "  each  '  and  "year." 

In  tho  same  Chapter  repeal  Article  8. 

In  tho  suno  Chapter  repeal  Article  23. 

In  Chapter  XL.  Art.  2,  Tor  the  words,  "  The  Composition  of  Memberi  (except  the 
"  turn  of  Tea  Guineas  out  of  ereru  Comjwiition  paid  by  any  Memtier  aol  hailing  been 
■  pmiioutly  n  Life  Sutmcriber  to  be.  carried  orer  U>  tht  fisTMIlflHf  l-'ifui)  lhalt  upon 
••  payment  thereof  be  inverted,"  substitute  the  following  words  : — "  Out  of  the  Com- 
••  potition  of  each  Member  the  iiim  of  Forty  Guineas  shall  on  payment  thereof  be 
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In  the  same  Chapter,  in  (he  pnrt  distinguished  as  'HMh."  in  Art.  3,  for  the 
words,  "and  in  aid  of  the  Library  mid  Mine.:nU~jir,il  Fiunl."  nuUtiiulu  "und  gene- 
"  rally  in  furtherance  of  the  djjtdk  and  ictlfnre  of  the  Institution," 

In  CfurraR  XIII.,  Art.  4,  for  the  words,  ■  pay  the  tuin  of  One  Guinea  into  the 
'  Library  and  Minerulogira!  Pawl,  Chap.  XX..  Art.  4,"  substitute  "pay  the  further 
"  sum  of  One  Guinea  in  furtherance  of  the  ohjrcti  and  icelfarc  of  Vie  Institution.'' 

In  Chapter  XX.  rci*»l  the  following  Articles,  ti&l — 
Article  4. 
Article  5. 

In  the  same  Chapter,  in  Art.  6,  for  the  words,  "  The  Patrons  Anil  came  fair 
"ami  juit  Account*  and  StgUtn,  in  writing.  In  lie  kept  of  all  rerciptt.  payment; 
"and  tramtactwiii  by  tin  in.  und  tub:  '■•ire  flint  thei,  l„  annunlhj  )(!■[■'■  n/;"  -nl'.-Timlo 
the  following  words:— "1*1  jfiwiyni  shall  caute  fair  and  just  Accounts,  in 
"  writing,  to  be  k-  pt  :■/'  oil  i.'-vipl*  mid  payment*  if  und  relating  to  the  e-ntrilmtiont 
"  nf  One  Hundred  Pound*  alioce  in  Out  Chnpt.r  mentioned,  and  sl.ull  take  care  that 
"  they,  separate  and  distinct  from  the  other  Aixount*  of  the  InttiliUiun,  be  annually 

In  Chafteh  XXI.  repeal  tho  following  Article,  *a  :— 
Articled 
Article  4. 
Article  5. 
Articlee. 
Article  7. 
Article  8. 
Articles. 

In  Article  10  of  this  Chapter,  repeal  the  words,  "  to  the  support  of  the  Latiara- 
"  lory,"  in  the  3rd  and  4th  lines  thereof,  aud  the  words  "  l.tttmritiury  Fund  "  in 
the  5th  lino  thereof;  and  mtaUtat*  tha  words,  "to  tlte  support  oftke  Laboratory," 
for  the  aaid  words,  "  Laboratory  Fuml,"  in  such  5lh  line. 

In  Article  1 1  ottbil  Cliapter,  for  tho  worda,  "  Laboratory  Fund,"  substitute  "to 
■  the  support  of  the  Laboratory." 

N.B.— The  above  references  to  the  Bye-lawB  are  to  the  edition  of  1835,  cicept 
aa  relates  to  Chapter  XX.,  ns  to  width  r..  Ti  i .  i u-.-  is  mudc  lo  the  Minutes  of  the 
General  Monthly  Meeting  of  the  Members  of  the  7th  February,  1848. 


The  special  thanks  of  tho  Members  were  returned  for  the  following 
addition  to  "the  Donation  Fund  for  the  Promotion  of  Experimental 
Besearches  " : — 

Artbur  Giles  PuUer.Eaq.  (3rd  donation)    ...      £21     0    0 

The  Presents  received  since  the  last  Meeting  were  laid  on  the  table, 
and  the  thanks  of  the  Members  returned  for  the  same  s— 


Min,  r.,1  riutintira  "I  (he  l'nik-1  Kingdom,  18U5  and  1866.     8vo. 
British  Organic  Beniains.     Decade  XII.    8vo.     1866. 
Asiatic  Society  of  Bengal— Prooaodinga,  1867,  Noa.  8-10.    8to. 
Journal.  No.  140.    8*0.     1867. 

ii  Society.  Royal— Monthly  Xotioea,  Vol.  XXVIII.  No.  3 
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Bavarian  Academy  of  Science,  Royal— SilzungabLriclite,  1WJ7.    Bunil  II.   Heft  2, 3. 

8T0. 

Aoiialou  der  BtMnwKto,  Mtinclieu.     Band  XV.,  XVL    8vo.    1867. 
Briti'h  Architects  Royal  Imtitute  of— Sessional  Piipers,  Nob.  6,  7.    4to.    1867-8. 
Chemical  Society— Journal  for  Fell.  1808.    8vo. 
Eli'lurs— Anit'riwai  Jnurmd  of  Seience,  Jim.  1SG8.    8vo. 

Artiziin  for  Feb.  IS'JS.    3to. 

Atbemeuui  for  Fob.  18G8.    41o. 

Britiah  .iDiinisil  nf  I'lu.t.ijrmpliy  for  Feb.  1808.      4to. 

Chemical  N,n-5  for  Feb.  IKtJS.      4to, 

Engineer  for  Fob.  1HG8.     fol. 

Ueohigiml  rm.l  Nniii;,l  Hist  .ry  KepnBitery.     Fob.  186B.     Bvo. 

lIi>rolo<;ie.ii!  .Tuuriml  f..r  Feb.  1868.     8vo. 

Journal  of  tins-Lighting  for  Feb.  18(18.     4  to. 

Mechanics'  Mutfrnii,.:  fen-  hV'u  1SII8.     8vo. 

l'iuir vtitii-al  .li'in  mil  tbr  I  WIS. 

I'liutn^Tiijiliii'  Xiiv-  fur  1'Vli,   ISIJ8.     4to. 

Pmctiv.il  MecbftiiiCH'  Jimniul  for  Fib.  18G8.     4to, 

Hevue  dia  Coura  Seienlih\]  lies  it  l.ittemires.     Feb.  18G8.     4to. 
EnderUj,  Charlet,  Of-  F.R.S.  M.R.I.  {Uie  Author'j—A  Curo  for  Ireland's  Wrongs. 

(K95)    8vo.     1868. 
Franklin  Inttitnte— Journal,  No.  505.     8vo.     1868. 

Geographical  Society.  Royal— Proceedings,  Vol.  XII.  No.  1.     8vo.     186S 
Geologi'tol  fioefafjf—Quarterlj'  Journal,  No.  03.     8vo.     1868. 
Kelly,  r.  W.  Eiq.  {Ike  Autiorj— Poems.     2  vols.     12mo.     1842-61. 
Lianean  Society— Journal,  Nos.  39.  42.    8to.    1868. 

Mechanical  Kiiginfcrt    luttit'ilimi      IV'iV'-'lm;,'!*,  J  nut':.  1SG7.     Pnrt  I.     8* 
Meteorological  Society— Proceedings,  No.  34.     8»o.     1868. 
Photographic  Society— Journal,  No.  190.    8m     1868. 
Royal  Society  of  London— Proceedings,  No.  98.     8vo.     1867. 
Saion  .Inci'dy  of  Science*.  Royal — Aljbnndlungeu,    Baud  XIIL  Nos.  4, 
1867. 

Berk-lite,  1SG6.  Nob.  4,  5.     1867,  Nob.  1,  2.    8vo. 
Society  of  A  rtt~ -Journal  for  Feb.  1868.    8vo. 

Surgeon-General  United  States  ilf     iftlilHtl  Report.     Gm.     1867. 
Synum*.   G.  J.   (the  Autlior)— fiymoiui'  Montbly   Meteoro  I  opioid   Magazine,  I 
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Mr.  Kinydon  Clifford  on  Mental  Developetaent. 


WEEKLY  EVENING  MEETING, 
Friday,  MarcL  6,  1868. 


Sib  Hesbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 
in  the  Chair. 

W.  Kinchon  Cuftohd,  Esq.  B.A.  Cantab. 

On  some  of  the  Conditions  of  Mental  Developement. 

If  you  will  cnrefully  consider  what  it  is  that  you  have  done  most  often 
during  this  day,  1  think  you  can  hardly  avoid  being  drawn  to  this  con- 
clusion ;  that  yon  have  really  douo  nothing  else  froin  morning  to  night 
but  change  yimr  mind.  You  begun  by  unking  up.  Now  that  act  of 
waking  is  itself  a  passage  of  the  mind  from  an  unconscious  to  a 
conscious  state,  which  is  about  the  giciiU'St.  change  that  the  mind  cmi 
undergo.  Yoar  first  idea  upon  waking  was  probably  that  you  were 
going  to  rest  for  some  time  longer  ;  but  this  rapidly  passed  away,  and 
was  changed  into  a  desire  for  aetion,  which  again  transformed  itself 
into  volition,  and  produced  the  physical  act  of  getting  up.  From  this 
arose  a  series  of  now  sensations  ;  that  is  to  say,  a  change  of  mind  from 
tho  state  of  not  porceiving  or  feeling  these  things  to  the  state  of  feel- 
ing them.  And  so  afterwards.  Did  you  perform  any  deliberate 
action  ?  There  was  the  change  of  mind  from  indecision  to  decision, 
from  decided  desire  to  volition,  from  volition  to  net.  Did  you  perform 
an  impulsive  action?  Here  thoro  is  the  more  suddon  and  conspicuous 
change  marked  by  the  word  impulsive ;  as  if  your  mind  were  a  shuttle- 
cock, which  has  its  entiro  state  of  motion  suddenly  changed  by  the 
iiujiiilxi-  of  the  battledore  :  conceive  the  shuttlecock  descending  quite 
regularly  with  a  gentle  corkscrew  motion — the  battledore  intervenes — 
instantaneously  t!i<:  shuttlecock  flies  off  in  a  totally  unexpected  direc- 
tion, having  apparently  no  relation  to  its  previous  motion  ;  and  you 
will  sec  how  very  apt  and  expressive  a.  simile  you  use  wlu:n  you  speak 
of  certain  people  as  having  an  imjmlnlrt'.  U-mjinumenl.  Have  you  felt 
happy  or  miserable  ?  It  was  a  change  in  your  way  of  looking  at  things 
in  general ;  a  transition,  as  Spinoza  says,  from  a  lowor  to  a  higher 
state  of  perfection,  or  vice  ci-reii.  In  a  word,  whatever  you  havo  done, 
or  felt,  or  thought,  you  will  find  upon  reflection  that  yon  could  not 
possibly  bo  conscious  of  anything  else  than  a  change  of  mind. 

But  then,  you  will  be  inclined  to  say,  this  change  is  only  a  small 
thing  after  all.    It  dees  not  penetrate  beyond  tho  surface  of  tho  mind, 
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bo  to  speak.  Your  character,  the  general  attitude  which  you  take  up  with 
regard  to  circumstances  outside,  remains  the  same  throughout  the  day  : 
even  for  great  numbers  of  days.  You  can  distinguish  between  indi- 
vidual people  to  such  an  extent  that  you  have  a  general  idoa  of  how  a 
given  person  will  act  when  placed  in  given  circumstances,  Now  for 
this  to  ho  the  ease,  it  is  clear  that  each  person  must  have  retained  his 
individual  character  for  a  considerable  period,  so  that  you  were'  able  to 
take  note  of  his  behaviour  in  different  cases,  to  frame  some  sort  of 
general  rules  about  it,  and  from  them  to  calculate  what  he  would  do  in 
any  supposed  givon  case.  But  is  it  true  that  this  character  or  mark 
by  which  you  know  one  person  from  another  is  absolutely  fixed  and 
unvarying?  Do  you  not  speak  of  the  character  of  ft  child  growing 
into  that  of  a  man  ;  of  a  man  in  new  circumstances  being  quite  a  dif- 
ferent person  from  what  he  was  before  ?  Is  it  not  regarded  as  the 
greatest  stroke  of  art  in  a  novelist  that  he  should  he  able  not  merely 
to  draw  a  character  at  any  gi  ven  time,  but  also  to  sketch  the  growth  of 
it  through  the  changing  circumstances  of  life?  In  fact,  if  you  con- 
sider a  little  further,  you  will  see  that  it  ia  not  even  true  that  a> 
character  remains  the  sumo  for  a  single  day:  every  circumstance, 
however  trivial,  that  in  any  way  affects  the  mind,  leaves  its  mark, 
infinitely  small  it  may  be,  imperceptible  in  itself,  hut  yet  more  inde- 
lible than  the  stone-carved  hieroglyphics  <>f  Egypt.  And  the  sum  of 
all  these  marks  is  precisely  what  we  call  the  character,  which  is  thus 
itself  a  history  of  the  entire  previous  life  of  the  individual;  which  ia 
therefore  continually  being  added  to,  continually  growing,  continually 
in  a  state  of  change. 

Let  me  illustrate  this  relation  by  the  example  of  the  motion  of  a 
planet.  People  knew,  ages  and  ages  ago,  that  a  planet  was  a  thing 
constantly  moving  about  from  one  place  to  another ;  and  they  made 
continual  attempts  to  discover  the  cltarat'ter  of  its  motion,  so  that  by 
observing  the  general  way  in  which  it  went  ou,  they  might  he  able  to 
tell  where  it  would  be  at  any  particular  time.  And  they  invented 
most  ingenious  and  complicated  ways  of  expressing  this  character  : 
"  Oyplo  an  epicycle,  orb  oa  orb," 

till  ft  certain  very  profano  kiug  of  Portugal,  who  was  learning  astro- 
nomy, said  that  tf  he  had  been  present  ut  the  making  of  the  Sol&r 
Bystem,  he  would  have  tendered  some  good  advice.  But  the  faet  was 
that  they  were  all  wrong,  and  the  real  case  was  by  no  means  so 
complicated  as  they  supposed  it  to  he.  Kepler  was  the  first  to  discover 
what  was  the  real  character  of  a  planetary  orbit ;  and  he  did  this  in 
the  case  of  the  planet  Mars.  Ho  found  that  this  planet  moved  in  an 
ellipse  or  oval  curve  round  the  sun  which  Has  situated  rather  askew 
near  the  middle.  But  upon  further  observation,  this  was  found  to  be 
not  quite  exact;  the  orbit  itself  is  revolving  slowly  round  the  snn,  it 
is  getting  elongated  and  then  flattened  in  turns,  and  even  the  piano  in 
which  the  motion  takes  place  sways  slowly  from  side  to  side  of  its 
position.     Thus  you  see  that  although  the  elliptic  character 
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the  motion  does  represent  it  with  considerable  exactness  for  a  long 
time  together,  yet  this  character  itself  must  be  regarded  as  incessantly 
in  a  state  of  gradual  change.  But  the  great  point  of  the  comparison — 
to  aid  in  the  conception  of  which,  in  fact,  I  have  used  the  comparison 
at  all  —is  this  :  that  for  no  two  seconds  together  does  any  possible 
ellipse  accurately  represent  the  orbit.  It  is  impossible  for  the  planet 
to  move  a  single  inch  on  its  way,  without  the  oval  having  slightly 
turned  round,  become  slightly  elongated  or  shortened,  and  swayed 
slightly  out  of  its  plane  ;  so  that  the  oval  which  accurately  represented 
the  motion  at  one  end  of  the  inch  would  not  accurately  represent  the 
motion  at  the  other  end.  The  application  is  obvious.  In  like  manner 
it  is  true  that  the  character  which  will  roughly  represent  the  law  of  a 
man's  actions  for  some  considerable  time,  will  not  accurately  represent 
that  law  for  two  seconds  togtther.  No  action  can  take  place  in 
accordance  with  tho  character  without  modifying  the  character  itself; 
just  as  no  motion  of  a  planet  could  take  place  along  its  orbit  without 
a  simultaneous  chango  in  tho  orbit  itself. 

But  I  will  go  even  further.  Historians  are  accustomed  to  say  that 
at  any  given  point  of  a  nation's  history  there  is  a  certain  general  typo 
which  prevails  among  the  various  nhanflfm  of  character  which  different 
men  undergo.  There  is  some  kind  of  law,  they  say,  which  regulates 
the  slow  growth  of  each  cbaniettr  from  childhood  to  age;  so  that  if 
you  compared  together  all  the  biographies  you  would  find  a  sort  of 
family  likeness,  suggesting  that  some  common  fume  had  acted  upon 
them  all  to  make  these  changes.  This  force  they  call  tho  Spirit  of  the 
Age.  The  spirit,  then,  which  determines  all  the  changes  of  character 
that  take  place,  which  is,  therefore,  more  T»-rsisti.-nt  tlmu  cluiracter  itself, 
is  this,  at  last,  a  thing  absolutely  used,  permanent,  free  from  fluc- 
tuations ?  No  :  for  the  entire  history  of  humanity  is  an  account  of 
its  continual  changes.  It  tells  how  thero  were  great  waves  of  change 
which  spread  from  country  to  country,  and  swept  over  whole  continents, 
and  passed  away;  to  bo  succeeded  by  similar  waves.  No  history  can 
he  philosophical  which  does  not  trace  the  origin  and  course  of  these : 
things  far  more  important  than  all  the  kings  and  rulers  and  battles 
and  dates  which  some  people  imagine  to  be  history. 

To  recapitulate.  The  mind  is  changing  so  constantly  that  we  only 
know  it  by  its  changes.  The  law  of  these  changes,  which  we  call 
character,  is  also  a  thing  which  is  continually  ohaagfais  though  more 
slowly.  And  that  law  or  force  which  governs  all  the  changes  of  cha- 
racter in  a  given  people  at  a  given  time,  which  we  call  tho  spirit  of 
the  age,  this  also  changes,  though  more  slowly  still. 

Now  it  is  a  belief  which,  whether  true  or  not,  wo  are  all  of  ns 
constantly  acting  upon,  that  these  changes  have  some  kind  of  6xed 
relation  to  tho  surrounding  circumstances.  In  every  part  of  our  con- 
duct towards  other  people  wo  proceed  constantly  upon  the  assumption 
that  what  they  will  do  is  to  a  certain  extent,  and  in  some  way  or  other, 
dependent  npon  what  we  do.  If  I  want  a  man  to  treat  mo  with  kind- 
ness and  respect,  I  have  to  behave  in  a  certain  way  towards  him.     If 
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I  want  to  produce  a  more  special  anil  defined  effect,  I  have  recourse  to 
threats  or  promises.  And  oven  if  I  want  to  produce  a  certain  change 
of  mind  in  myself,  I  proceed  upon  the  same  assumption  that  in  some 
way  or  other,  and  to  a  certain  exteut,  I  am  dependent  on  tho  Bur- 
rounding  circumstance  b.  Peopio  tie  knots  in  their  handkerchiefs  to 
make  themselves  remember  things  ;  they  also  read  dclinito  books  with 
a  view  of  putting  themselves  into  deiinitu  mental  states  or  moods ;  and 
attempts  aro  constantly  made  to  produce  even  a  further  and  more 
pormauent  effect,  to  effect  an  alteration  in  character.  What  else  is 
the  meaning  of  schools,  prisons,  reformatories,  and  the  like  ?  Soma 
have  actually  gone  further  tliau  this  :  there  have  not  been  wanting 
enterprising  and  far-seeing  statesmen  who  have  attempted  to  control 
and  direct  the  Spirit  of  the  Ago,  Now  in  all  theso  cases  in  which  wo 
use  means  to  an  end,  wo  aro  clearly  proceeding  on  the  assumption  that 
there  is  some  fined  relation  of  eitusc  and  effect,  in  virtuo  of  which  tho 
means  wc  adopt  may  he  antecedently  expected  to  bring  about  the  end 
wo  aro  in  pursuit  of.  We  are  all  along  assuming,  in  fact,  that  changes 
of  mind  are  connected  by  some  fixed  laws  or  relations  with  surround- 
ing circumstances.  Now  this  being  bo,  since  every  mind  is  thus 
continually  changing  its  character  for  better  or  worse,  and  since  the 
character  of  a  race  or  nation  is  subject  to  the  same  constant  change  ; 
since  also  these  changes  are  connected  in  some  definite  manner  with 
surrounding  circumstances;  the  question  naturally  presents  itself, 
What  is  that  attitudo  of  mind  which  is  likely  to  change  for  the  better? 
All  tho  individuals  of  a  race  are  changing  in  character,  all  changing 
in  different  directions,  with  every  possible  degree  of  divergence;  also 
tho  average  character  itself,  the  Spirit  of  tho  Ago,  is  cither  changing 
in  some  one  definite  direction,  or  tending  to  split  into  two  different 
characters :  an  individual,  therefore,  may  lie  going  with  tho  race  or 
dropping  out  of  it ;  a  portion  of  the  race  may  be  going  right  or  wrong. 
Let  us  suppose  that  some  portion  of  the  race  is  going  right  and  im- 
proving :  the  question  is,  in  what  way  are  we  to  distinguish  that 
individual  who  is  improving  with  the  race,  from  the  others  who  aro 
either  dropping  out  of  tho  march  altogether  or  going  wrong  ? 

Now  what  I  have  proposed  to  myself  to  do  to-night  is  this,  merely 
to  suggest  a  method  by  which  thiB  question  may  ultimately  bo 
answered.  I  shall  also  ondeuveur  afterward*  to  point  out  what  I 
conceive  to  bo  one  or  two  results  of  this  method  :  but  this  part  will 
\n  of  miner  importance ;  tho  results  depend  upon  my  application  of 
the  method,  can  bo  only  partially  true,  and  may  bo  wholly  falso;  tho 
method  itself  I  believe  to  be  altogether  a  true  one,  and  one  which 
must  ultimately  lead  to  tho  correct  results. 

It  consists  in  observing  and  making  uso  of  a  certain  analogy, 
namely,  tho  analogy  between  tho  mind  and  the  visible  forms  of  organic 
life.  Yon  know  that  every  animal  and  every  plant  is  constontlv  going 
through  a  scries  of  changes.  Tho  flower  closes  at  night  nnd  opens  in 
tho  morning;  trees  are  bare  in  winter  and  covered  with  leaves  in 
;  while  the  growth  of  every  organism  lrom  birth  to  maturity 
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cannot  fail  to  strike  yon  as  a  forcible  illustration  of  the  gradual  change 
of  character  in  the  human  mind.  In  fact,  it  is  the  peculiarity  of  living 
things  not  merely  that  they  change  under  the  influence  of  surrounding 
circumstances,  but  that  any  change  which  takes  place  in  them  is  not 
lost  but  retained,  and,  as  it  were,  built  into  the  organism  to  servo  as 
the  foundation  for  future  actions.  If  yon  cause  any  distortion  in  the 
growth  of  a  tree  and  make  it  crooked,  whatever  you  may  do  afterwards 
to  make  the  tree  straight,  the  mark  of  your  distortion  is  there  ;  it  is 
absolutely  indelible  ;  it  hats  become  port  of  the  tree's  nature,  and  will 
even  be  transmitted  in  some  small  degree  to  the  seeds.  If,  however, 
you  toko  a  piece  of  inanimate  matter—a  lump  of  gold,  say,  which  is 
yellow  and  quite  hard — you  melt  it,  and  it  becomes  liquid  and  green- 
hero  an  enormous  cbango  has  been  produced ;  hut  let  it  cool ;  it  returns 
to  the  solid  and  yellow  condition,  and  looks  precisely  as  before — there 
is  no  trace  whatever  of  the  actions  that  have  been  going  on.  No  one 
uan  tell  by  examining  a  piece  of  gold  how  often  it  has  been  melted 
and  cooled  in  goologie  ages  by  changes  of  the  earth's  cruet,  or  even  in 
the  Inst  year  by  the  hand  of  man.  Anyone  who  cuts  down  an  oak 
con  tell  by  the  rings  in  its  trunk  how  many  times  winter  hits  frozen  it 
into  widowhood  and  summer  has  warmed  it  into  life.  A  living  being 
must  always  contain  within  itself  the  history  not  merely  of  its  own 
existence  but  of  oil  its  ancestors.  Seeing  then  that  in  its  continual 
changes  and  in  the  preservation  of  the  records  of  thoso  changes  every 
organism  resembles  the  mind,  so  that  to  this  extent  they  belong  to  the 
same  order  of  phenomena,  may  we  not  reasonably  suppose  that  the 
laws  of  change  ore  alike,  if  not  identical,  in  the  two  cases '!  This  is 
of  course  a  mere  supposition,  not  deduciblc  from  anything  which  wo 
have  yet  observed,  which  requires  therefore  to  be  tested  by  facts.  I 
shall  endeavour  to  show  that  the  supposition  is  well  founded  ;  that 
such  laws  of  change  as  have  been  observed  in  animals  and  plants  do 
equally  hold  good  in  the  case  of  the  iniud.  I  shall  then  endeavour  to 
find  out  what  we  mean  by  higher  and  lower  in  the  two  cases,  and 
to  show,  in  fact,  that  we  mean  much  the  same  thing.  Supposing  all 
this  to  have  been  done,  the  question  will  have  been  stated  in  a  form 
which  it  is  possiblo  to  answer.  I  shall  then  mako  an  attempt  to  give 
part  of  the  answer  to  it. 

In  investigating  the  laws  of  change  of  organic  beings  I  shall  n 
uso  of  what  is  culled  the  o volution-hypothesis,  which,  as  applied  to 
this  subject,  is  much  the  some  thing  as  the  Darwinian  theory,  though 
it  is  not  by  any  means  tied  down  to  the  special  viows  of  Mr.  Darwin. 
But  I  shall  use  this  merely  as  an  hyjiothesis ;  and  the  validity  of  the 
method  of  investigation  which  I  have  suggested  is  entirely  independent 
of  the  truth  of  that  hypothesis.  If  you  will  pardon  mo  for  a  short  time, 
I  should  like  to  illustrate  KUnswlul  further  what  I  mean  by  this. 

When  Kepler  found  out  what  was  the  form  of  tlio  orbit  described 
by  the  planet  Mars,  lie  thought  that  the  planet  was  driven  by  some 
(,  ass.  |  hicli  acted  in  the  direction  in  which  tho  planet  was  going.  I 
have  known  people  who  learned  a  certain  amount  of  astronomy  fur 


316  Mr.  Kingdon  Clifford  [March  6, 

nautical  purposes,  whose  ideas  were  very  wiinilar  to  those  of  Kopler. 
They  thought  that  the  sun's  rotation  was  what  caused  the  planets  to 
revolve  about  him,  just  as  if  you  spin  a  teaspoon  in  the  middle  of  a 
cup  of  tea,  it  makes  the  bubbles  go  rouud  and  round.  But  Newton 
discovered  that  the  real  state  of  the  caso  was  fur  different.  If  you 
fasten  a  ball  on  to  the  end  of  an  elastic  string,  and  then  swing  it 
round  and  round,  you  can  make  the  ball  describe  an  orbit  very  similar 
to  that  of  the  planet,  so  that  your  hand  is  not  quite  in  the  centre  of  it. 
Now  here  the  pulling  force  does  not  act  in  the  direction  in  which  the 
ball  is  going,  but  always  in  the  direction  of  your  bund,  and  yet  the  ball 
revolves  about  your  hand  and  never  actually  comes  to  it.  Newton 
supposed  that  tho  case  of  tho  planet  was  similar  to  that  of  the  ball ; 
that  it  was  always  pulled  in  tho  direction  of  tho  sun,  and  that  this 
attraction  or  pulling  of  tho  sun  produced  the  revolution  of  the  planet 
in  the  same  way  that  tho  traction  or  pulling  of  the  clastic  string  pro- 
duces the  revolution  of  the  ball.  Wliot  there  in  between  the  sun  and  the 
planet  that  makes  each  of  them  pull  the  other,  Newton  did  not  know ; 
nobody  knows  to  this  day;  und  all  we  are  now  able  to  assort  positively 
is  that  tho  known  motion  of  the  planet  is  precisely  what  would  bo 
produced  if  it  were  fastened  to  tho  sun  by  an  elastic  string,  having  a 
certain  law  of  elasticity.  Now  observe  the  nature  of  this  discovery, 
tho  greatest  in  its  consequences  that  has  ever  yet  been  made  in 
physical  science : — 

I.  It  begins  with  a  hypothesis,  by  suppohiug  that  there  is  an 
analogy  botwoon  the  motion  of  a  planet  and  the  motion  of  a  boll 
at  the  end  of  a  string. 

II.  Science  laconics  independent  of  the  hypothesis!,  fur  we  merely 
use  it  to  investigate  the  properties  of  tho  motion,  and  do  not  trouble 
ourselves  further  about  the  cause  of  it. 

I  will  take  another  example.  It  has  been  supposed  for  a  long 
time  that  light  consists  of  waves  transmitted  through  an  extremely 
thin  ethereal  jelly  that  pervades  all  space ;  it  is  easy  to  see  the  very 
rapid  tremor  which  spreads  through  a  jelly  when  you  strike  it  at  one 
point.  From  this  hypothesis  we  can  deduce  laws  of  the  propagation 
of  light,  and  of  tho  way  in  which  different  rays  interfere  with  one 
anothor,  and  tho  laws  so  deduced  are  abundantly  enniiiund  by  experi- 
ment. But  here  also  science  kicks  down  the  ladder  by  which  she 
has  risen.  In  order  to  explain  tho  phenomena  of  light  it  is  not 
necessary  to  assume  anything  more  than  a  periodical  oscillation  be- 
tween two  states  at  any  given  point  of  space.  .  What  tho  two  states 
are  nobody  knows;  and  the  only  thing  we  can  assert  with  any  degree 
of  probability  is  that  they  are  not  states  of  merely  mechanical  displace- 
ment like  the  tremor  of  a  jelly ;  for  the  phenomena  of  fluorescence 
appear  to  negative  this  supposition.  Hero  again,  then,  the  same  two 
remarks  maybe  made.  Tho  scientiiio  discovery  appears  first  as  the 
hypothesis  of  an  analogy ;   and  scienco  tends  to  become  independent 


hypothesis  of  an  analogy ;   and  scienco  tends  to  become  independent 
of  the  hypothesis. 
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The  theory  of  heat  is  another  example.  If  you  hold  one  end  of  a 
poker  in  tho  lire,  tho  other  end  becomes  Lot,  even  though  it  is  not 
exposed  to  the  rave  of  the  tire.  Fourier,  in  trying  to  hud  the  laws  of 
this  spread  of  heat  from  one  port  of  a  body  to  another  part,  made  the 
hypothesis  that  heat  was  a  fluid  which  fluued  from  the  hot  end  into 
the  cold  as  water  flows  through  a  pipe.  From  this  hypothesis  the 
laws  of  conduction  were  deduced;  but  in  the  process  it  was  found  that 
the  very  B»mo  laws  would  flow  from  other  Imnillmiiwi  In  fact,  what- 
ever can  be  explained  by  the  motion  of  a  fluid  can  be  equally  well 
explained  either  by  the  attraction  of  particles  or  by  the  strains  of  a 
solid  substance;  the  very  same  mathematical  calculations  result  from 
the  three  distinct  hypotheses;  and  science,  though  completely  inde- 
pendent of  all  three,  may  yet  choose  one  of  them  as  serving  to  link 
together  different  trains  of  physical  inquiry. 

Now  tho  same  two  remarks  which  may  be  made  in  all  these  cases 
apply  equally  to  the  evolution  hypothesis.  It  is  grounded  on  a 
supposed  analogy  between  the  growth  of  a  species  and  the  growth 
of  an  individual.  It  supposes,  for  instance,  that  the  race  of  crabs 
has  gone  through  much  tho  same  sort  of  changes  as  every  crab  goes 
through  now,  in  the  conrso  of  its  formation  in  tho  egg,  its  pristine 
shape  utterly  nnlike  what  it  afterwards  attains,  its  gradual  meta- 
morphosis aud  formation  of  shell  and  claws.  By  this  analogy  the 
laws  of  change  are  suggested,  aud  these  arc  afterwards  cheeked  and 
corrected  by  the  facts.  But  as  before,  science  tends  to  become  inde- 
pendent of  hypothesis.  The  laws  of  change  are  established  for  present 
and  finitely  distant  times;  but  they  give  us  no  positive  information 
about  the  origin  of  things.  So,  therefore,  if  I  make  use  of  this 
hypothesis  to  represent  to  you  tho  laws  of  change  that  are  deduced 
from  it ;  you  will  see  that  the  truth  of  those  laws  and  the  conclusions 
which  may  he  drawn  from  them  ore  in  no  way  dependent  on  the  truth 
of  the  hypothesis. 

There  are  certain  errors  current  about  the  nature  of  the  evolution- 
theory  which  I  wish  particularly  to  guard  against.  In  the  first  place  it 
is  very  commonly  supposed  that  all  existing  animals  can  be  arranged 
in  one  continuous  chain,  from  the  highest  to  the  lowest;  that  tho 
transition  is  gradual  all  through,  and  that  nature  makes  no  jumps. 
This  idea  was  worked  out  into  a  system  of  classification  by  Linnreus, 
and  survived  ami  og  naturalists  uutil  the  time  of  Cuvier.  "  Thoy  were 
bent,"  says  Agassiz,  "  upon  establishing  one  continual  uniform  sorios 
to  embrace  all  animals,  between  tho  links  of  which  it  was  supposed 
there  were  no  unequal  intervals."  .  .  .  "They  culled  tlmir  sv:.t< m 
la  chains  dee  itret."  Tho  holders  of  the  Darwinian  theory  are  then 
supposed  to  believe  that  all  these  forms  grew  out  of  one  another, 
beginning  with  the  lowest  and  ending  with  the  highest ;  so  that  any 
ono  animal  of  the  series  has  in  the  course  of  its  evolution  passed 
through  all  the  lower  forms.  And  as  the  species  is  thus  supposed  to 
have  grown  up  through  the  chain,  and  the  lower  species  to  bo  con- 
tinually growing  into  the  higher,  so  it  is  imagined  that  ovory  indi- 
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vidual  crcatnre,  in  tho  course  of  its  production,  passes  through  the, 
lower  adult  forma;  that  a  chicken,  for  instance,  while  it  is  being 
formed  in  tho  egg,  becomes  in  succession  a  snail,  an  insect,  a  fish, 
and  a  reptile,  before  it  becomes  a  bird.  Now  that  all  these  ideas  are 
entirely  wrong,  I  need  hardly  remind  you ;  and  I  havo  mentioned 
them  in  order  that  there  may  be  no  mistake  about  the  theory  which  I 
am  using  as  an  analogy.  So  far  is  it  from  being  possible  to  arrango 
existing  organisms  in  a  single  lino  or  chain,  that  they  cannot  bo 
adequately  represented  even  in  tho  manner  which  is  attempted  in 
the  following  diagram  taken  from  Spencer's  '  Principles  of  Biology,' 
yoL  i.,  p.  303. 
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In  tho  next  place,  no  existing  organism  could  possibly  grow  h 
any  other.     What  is  really  supposed  is  this:— that  if  you  went  back 
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a  million  years  or  so,  and  made  a  picture  liko  this  one,  representing 
the  forms  that  existed  then,  no  single  spot  which  is  covered  in  one 
figure  would  be  eoverod  in  the  other ;  hut  the  general  arrangement 
would  be  very  similar,  except  that  all  the  groups  would  be  nearer  to 
the  centre  or  radiant  point,  and  therefore  nearer  to  each  other.  And 
if  you  made  a  third  picture,  re  present  in  g  the  state  of  tilings  another 
million  years  or  bo  further  buck,  then  they  would  bo  still  nearer  to- 
gether ;  and  at  a  distance  of  time  too  vast  to  be  represented,  they 
would  all  converge  iuto  this  Tadiant  point.  So  the  theory  is  that  at 
that  stupendous  distance  of  time  all  species  were  alike,  mere  specks 
of  jolly:  that  they  gradually  diverged  from  each  other  and  got  more 
and  more  different,  till  at  but  they  attained  the  almost  infinite  variety 
that  we  now  find.  If  you  will  imagine  a  tree  with  spreading  branches, 
like  an  oak ;  then  the  outside  leaves  at  any  time  may  bo  taken  to  re- 
present all  the  existing  species  at  a  given  time.  It  is  quite  impossible 
to  arrange  them  in  any  serial  order.  As  the  tree  grows,  the  outer 
leaves  diverge,  and  get  further  from  the  trunk  and  from  each  other; 
and  two  extremities  that  have  once  diverged  never  converge  and  grow 
together  again.  But  even  this  simile  is  insufficient ;  for  species  may 
diverge  in  a  far  greater  variety  of  directions  than  the  branches  of  a 
tree.  Space  has  not  dimensions  enough  to  represont  the  truo  state  of 
the  case. 

Von  Bacr's  doctrine  of  developement  is  illustrated  by  tho  same 
figure.  If  you  took  embryos  of  polypes,  and  snails,  and  cuttle-fish, 
and  insects,  and  crabs,  and  fish  and  frogs,  and  if  yon  could  watch 
their  gradual  growth  into  these  several  animals:  at  first  they  would 
bo  all  absolutely  alike  and  indistinguishable.  Then,  after  a  little 
while,  you  would  find  that  they  might  be  sorted  off  into  theso  four 
great  classes.  Afterwards  theso  groups  tui^ht  ho  divided  iuto  smaller 
groups,  representing  orders;  then  these  into  families  and  genera;  last 
of  all  would  appear  those  differences  which  would  separate  them  into 
species. 

The  evolution  -hypothesis,  then,  represents  a  race  of  animals  or 
plants  as  a  thing  slowly  changing:  and  it  also  represents  these  changes 
as  connected  by  fixed  laws  with  tho  action  of  the  surrounding  cir- 
cumstances, or,  as  it  is  customary  to  say,  the  environment.  Now  tlm 
action  of  the  environment  on  a  race  is  of  two  kinds,  direct  and 
indirect.  That  part  which  is  called  direct  action  is  very  easily  under- 
stood. There  is  no  difficulty  in  seeing  how  changes  of  climate 
might  produce  changes  in  tho  colour  of  the  skiu,  or  how  new  condi- 
tions which  necessitated  the  greater  uso  of  any  organ  would  lead  to 
the  increase  of  that  organ,  as  we  know  that  muscles  may  lie  made 
to  swell  with  exercise  ;  and  changes  thus  made  habitual  would  in  time 
bo  inherited.  But  tho  indirect  action  of  tho  environment,  which  is 
called  natural  selection,  is  still  more  important.  Tho  mode  of  its 
operation  may  bo  seen  from  an  example.  There  are  two  butterflies 
in  South  America,  nearly  resembling  one  another  in  form,  but  one  of 
which  has  a  very  sweet  taste  and  is  liked  by  the  birds,  while  the  other 
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is  bitter  and  distasteful  to  them.  Now  suppose  that,  for  some  reason 
or  other,  sweet  butterflies  were  occasionally  produced  with  markings 
similar  to  the  bitter  ones,  these,  being  mistaken  by  the  birds  for  bitter 
ones,  would  run  less  chance  of  being  eaten,  and  therefore  more  chanco 
of  surviving  and  Leaving  uti'sju'mg.  If  this  peculiarity  of  marking  is 
at  all  inheritable,  then  the  number  of  sweet  butterflies  with  bitter 
marks  will  in  the  next  generation  be  greater  in  proportion  to  the 
whole  number  than  before;  and,  as  this  process  goes  on,  the  sweet 
butterflies  which  retain  their  distinguishing  marks  will  be  all  weeded 
out  by  the  birds,  and  the  entire  species  will  have  copied  the  markings 
of  the  bitter  species.  This  has  actually  taken  place :  the  one  species 
has  mimicked  the  markings  of  the  other.  Here  we  see  tho  working 
of  Natural  Selection.  Any  variation  in  an  individual  which  gives  him 
an  advantage  in  the  struggle  for  life  is  more  likely  to  lie  transmitted 
to  offspring  than  any  other  variation,  because  tiie  individual  is  more 
likely  to  survive ;  so  that  nature  gradually  weeds  out  all  those  forms 
which  are  not  suited  to  tho  environment,  and  thus  tends  to  produce 
equilibrium  between  the  species  and  its  surrounding  circumstances. 
Changes,  then,  are  produced  in  a  species  by  tho  selection  of  advan- 
tageous changes  which  happen  to  bo  made  in  individuals.  Now  tbero 
are  three  kinds  of  change  that  arc  produced  in  individuals  :  change  of 
size,  or  growth ;  change  of  structure,  that  is  to  say,  change  in  tho 
shape  and  arrangement  of  the  [jails,  as  when  the  cartilaginous  skeleton 
of  an  infant  becomes  hardened  into  bone ;  and  change  of  function, 
thut  is  to  say,  change  in  the  use  which  is  made  of  any  part  of  the 
organism.  I  have  one  or  two  remarks  to  muko  about  the  tirst  of  these, 
namely,  growth,  or  change  of  size.  Every  organism  is  continually 
taking  in  matter  through  tho  external  surface  to  feed  the  inside.  A 
certain  quantity  of  this  is  needed  to  make  up  for  the  waste  that  is 
continually  going  on.  But  let  us  suppose,  to  begin  with,  that  an 
organism  has  more  surface  than  it  absolutely  wants  to  niako  up  for 
waste,  then  a  certain  portion  of  the  assimilated  matter,  or  food,  will 
remain  over,  and  the  organism  will  increase  in  size.  But,  you  say, 
if  this  is  all  that  is  meant  by  growth,  why  does  it  not  go  on  for 
ever '!  The  explanation  is  very  simple.  I  take  this  cube,  which  has 
six  sides,  each  a  square  inch ;  let  us  suppose  it  to  represent  an  animal,' 
and  imagine,  to  begin  with,  that  two  of  the  sides  by  themselves  are 
capable  of  feeding  the  wholo  mass,  then  tho  nutrition  taken  in  by  the 
other  four  sides  is  left  over,  and  the  moss  must  increase  in  size. 
Imagine  it  now  grown  to  twico  the  linear  dimensions,  that  is  to  say, 
to  a  cube  every  side  of  which  is  two  inches.  The  mass  to  be  fed  is 
now  eight  times  what  it  was,  while  the  surfaee  is  only  four  times  as 
great ;  of  the  twenty-four  square  inches  of  surface  sixteen  are  taken 
np  with  feeding  the  mass,  while  only  eight,  or  one-third,  are  left  to 
supply  tho  materials  for  growth.  Still  there  is  an  overplus,  and  the 
organism  will  grow.  Let  it  now  acquire  three  times  its  original 
height  and  breadth  and  thickness,  the  mass  is  twenty-seven  timet 
great,  and  the  surface  only  nine  times  :  that  is  to  say,  while  there 


are 


1868.]        o*  gome  of  the  Cvnditioni  of  Mental  Developement.  821 

twenty-seven  cubic  inches  to  be  fed,  there  are  just  fifty-four  squaro 
inches  to  feed  them.  There  is  no  longer  any  overplus  ;  the  organism 
will  stop  growing.  Ami  it  is  a  general  rule  that,  in  any  case,  when  a 
tiling  grows  its  mass  increases  much  filter  than  its  surface.  However 
much,  therefore,  the  feeding  power  of  the  surface  may  be  in  excess  to 
begin  with,  the  mass  must  inevitably  catch  it  up,  and  the  growth 
will  stop. 

Now  the  changes  of  an  individual  mind  may  be  reduced  to  the 
same  three  types  : — 

Growth. 

Change  of  structure. 

Change  of  function. 

First  then,  what  is  the  growth  of  the  mind  ?  It  is  the  acquisition  of 
new  knowledge  ;  not  merely  of  that  which  is  required  to  make  up  for 
our  wonderful  power  of  forgetting,  fur  oblivion  is  really  a  far  more 
marvellous  thing  than  memory;  but  of  a  certain  overplus  which  goes 
to  increase  the  entire  mass  of  our  mental  experiences.  Now  I  do  not 
know  whether  there  is  any  race  between  surface  and  mass  here  as  in 
the  case  of  an  organism  ;  but  it  is  certainly  true  that  whereas  in  child- 
hood the  amount  wo  forget  is  very  little,  and  our  powers  of  acquisition 
preponderate  immensely  over  our  powers  of  oblivion  ;  as  we  grow  up, 
the  powers  of  oblivion  gain  rapidly  upon  the  acquisitive  ones,  and 
finally  catch  them  up ;  the  growth  ceases  as  soon  as  this  balance  is 
attained.  So  that  In  this  first  law,  you  see,  there  is  an  entire  analogy 
between  the  two  cases. 

In  the  next  place,  the  mind  experiences  changes  of  structure  ;  that 
is  to  say,  changes  in  the  shape  and  arrangement  of  its  parts.  Ideas 
which  were  only  feebly  connected  become  aggregated  into  a  close 
and  compact  whole.  The  ideas  of  several  different  qualities,  for 
instance,  which  we  never  thought  of  as  connected  with  each  other, 
are  brought  together  by  the  qualities  being  found  to  exist  in  the  same 
object.  In  this  way  we  form  conceptions  of  things,  which  gradually 
get  so  compact  that  we  cannot  even  in  thought  separate  them  into 
their  component  parts.  Portions  of  our  knowledge  which  we  hold  as 
distinct  aro  connected  together  by  scientific  theories;  images  which 
were  scattered  all  about  are  bound  up  into  living  bundles  by  tho  artist, 
and  so  we  find  them  re-arranged. 

Lastly,  changes  of  function  take  place.  Everybody  knows  how 
the  mental  faculties  open  out  and  become  visible  as  a  child  grows  up. 
Men  acquire  faculties  by  practice.  And  without  any  conscious  seek- 
ing, you  must  know  how  often  we  wake  up  as  it  were  and  find  ourselves 
girled  with  new  powers.  We  have  found  evidence  then  of  the  existence 
of  our  three  types  of  change,— growth,  structure,  and  function. 

The  actions  therefore  which  go  on  between  the  environment  and 
the  individual  may  be  reduced  to  UttMXne  three  types  in  the  case  of  the 
mind  as  in  the  case  of  any  visible  organism.  Being  somewhat  encou- 
raged by  this  result,  let  us  go  back   to  our  original  question,     What 
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is   that  attitude   of  mind   which   is  likely  to  change  for   the   belter';1 
What  is  the  meaning  of  belter  f 

Although  it  is  quite  iinpossiblo  te  arrange  oil  existing  organisms 
in  »  serial  chain,  yet  wo  certainly  have  a  general  notion  of  higher 
and  lower.  A  bird  mi l« (Jill  M  lii;;lier  than  a  fish. and  adog  is  higher 
than  a  snake.  And  if  we  return  to  our  illustration  of  the  tree,  we  shall 
seo  that  at  every  point,  at  any  given  time,  there  is  a  definite  direction 
of  (lev elopement.  So  that  though  we  might  not  bo  able  to  say  which 
of  two  co-existing  organisms  was  the  higher,  yet  by  comparing  a 
species  with  itself  at  a  tiioo  shortly  after,  we  might  say  whether  it 
hud  degenerated  or  improved.  Now  by  examining  various  cases, 
shall  find  that  there  are  six  marks  of  improvement  :— 
The  parts  of  tho  organism  get  more  different 

„  ii  „  „  connected. 

The  organism  gets  mora  different  from  tho  environment. 

„  ,,  connected  with  the  environment. 

Tho  organism  gets  more  different  from  other  individuals. 

„  „  connected  with  other  individuals. 

The  processes  in  fact  which  result  in  devolopoment  aro  made 
of  diffcMitmti'in  and  iul'yniliim  :  differentiation  means  the  making 
things  to  be  different,  integration  means  tho  binding  thorn  together 
into  a  whole  ;  these  are  applied  to  tho  parts  of  tho  organism,  the 
organism  aud  surrounding  nature,  the  organism  and  other  organisms. 
Differentiation  of  parts  is  illustrated  by  the  lignrc  on  l.he  opposite  page. 
[Spencer's  '  Principles  of  Biology,'  vol.  ii.,  p.  187. j 

Integration  of  parts  means  the  connected  play  of  them;  so  that 
one  being  touched  the  rest  are  affected.  Differentiation  from  the  en- 
vironment takes  place  in  weight,  composition,  and  temperature.  A 
polype  is  little  else  than  seu-\vater,  which  it  inhabits;  n  fish  is  several 
degrees  of  temperature  above  it,  and  made  of  quite  different  materials ; 
till  at  last  a  mammal  is  70"  or  SO"  above  the  surrounding  matter,  and 
made  of  still  more  ditlVront  materials.  Integration  with  the  environ- 
ment means  close  correspondence  with  it ;  actions  of  the  environment 
are  followed  by  corresponding  actions  of  the  animal.  Differentiation 
from  other  organisms  means  individuality;  integration  with  them 
sociality. 

In  a  similar  way  we  have  a  sort  of  general  notion  of  higher  and 

lower  stages  of  mental  developement.     I  will  ondeavour  to  show  that 

this   general   notion   resolves  itself  into  »  measure   of  tho  extent  to 

which  the  sarao  six  processes  have  gone  on,  namely  : — 

Separation  of  parts, 

Connection  of  parts. 

Separation  from  the  environment, 

Closer  correspondence  with  tho  environment. 

Separation  from  other  individuals. 

Sociality. 
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The  only  conception  wo  can  form  of  a  puroly  unconscious  state  is 
one  in  which  all  is  exactly  aliko,  or  rather,  in  which  there  is  no  dif- 
ference. 

There  is  not  one  thing  with  another 
But  Evil  saith  to  Good :  My  brother, 

My  brother,  I  nm  one  with  thee : 
They  shall  not  strive  nor  cry  for  ever : 
No  man  shall  choose  between  them :  never 

Shall  this  thing  end  and  tliut  thing  be. 

The  first  indication  of  consciousness  is  a  perception  of  difference. 
The  child's  eyes  follow  the  light  Immediately  this  colourless,  homo- 
geneous universe  splits  np  into  two  parts,  the  light  part  and  the  dark 
part.  A  line  is  drawn  across  it,  it  is  made  heterogeneous,  and  the  first 
thing  that  exists  is  a  distinction.  Then  other  lines  are  drawn;  ap]>car- 
ance  is  separated  into  white,  black,  bine,  red,  and  so  on.  This  is  the 
first  process,  the  differentiation  of  the  parts  of  consciousness.   But  by* 
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and-by  a  number  of  these  lines  of  distinction  are  found  to  enclose  a 
definite  space  ;  they  assume  relations  to  one  another;  the  lines  white, 
round,  light,  capable  of  being  thrown  at  people,  include  the  conception 
of  a  ball;  this  gains  coherence,  becomes  one,  a  thing,  holding  itself 
together,  not  only  separated  from  the  rest  of  unconsciousness,  but  con- 
nected in  itself  into  a  distinct  whole,  integrated.  Here  we  have  the 
second  process.  And  throughout  our  lives  the  same  two  processes  go 
hand  in  hand  ;  whatever  wo  perceive  is  a  lino  of  demarcation  between 
two  different  things ;  we  can  be  conscious  of  nothing  but  a  separation, 
a  change  in  passing  from  one  thing  to  another.  And  these  different 
lines  of  demarcation  are  constantly  connecting  themselves  together, 
marking  out  portions  of  our  consciousness  as  complete  wholes,  and 
making  them  cohere.  Just  as  a  sculptor  clears  aw»y  from  a  block  of 
marble  now  this  piece  and  now  that,  making  every  time  a  separation 
between  what  is  to  be  kept  and  what  is  to  be  chipped  off,  till  at  last 
all  these  clippings  manifest  the  connection  that  ran  through  them,  and 
the  finished  statue  stands  out  as  a  complete  whole,  a  positive  thing 
made  up  of  contradictory  negations  :  so  is  a  conception  formed  in  the 

And  this  conception,  when  it  is  thus  made  into  a  whole,  integrated, 
by  an  act  of  the  mind,  what  does  it  immediately  appear  to  be  ?  Why, 
something  outside  of  ourselves,  ft  real  thing,  different  from  us.  This 
is  the  third  process,  the  proecs.-s  of  tli^l'i-n-ittinlit-it  from  die  environ- 
ment. This  is  beautifully  described  by  Cuvior,  who  pictures  the 
first  man  wandering  about  in  ecstacies  at  the  discovery  of  so  many 
new  parts  of  himself;  till  gradually  ho  learns  that  they  are  not  him- 
self, hut  things  outside.  This  notion,  then,  of  a  thing  being  real, 
existing  external  to  ourselves,  is  due  to  the  active  power  of  the  niiud 
which  regards  it  as  one,  which  binds  together  all  its  boundaries.  Aud 
this  goes  en  as  Ibng  as  wo  livo.  Constantly  we  frame  to  ourselves 
more  complicated  combinations  of  ideas,  and  by  giving  them  unity 
make  them  real.  And,  at  the  same  time,  the  converse  process  is 
equally  active.  While  more  and  more  of  our  ideas  are  put  outside  of 
us  and  made  real,  our  minds  aro  continually  growing  more  and  more 
into  accordance  with  the  nature  of  external  things  ;  our  ideas  becom* 
truer,  more  conformable  to  the  facts ;  and  at  the  same  time  they 
answer  more  surely  and  completely  to  changes  in  the  environment ; 
a  new  experience  is  more  rapidly  and  more  completely  connected 
with  the  sum  of  previous  experiences.  But  there  is  more  than  this. 
The  action  of  these  two  law«  taken  together  does  in  fact  amount  to  the 
creation  of  new  senses.  Men  of  science,  for  example,  have  to  deal 
with  extremely  abstract  and  general  conceptions.  By  constant  use 
and  familiarity,  those,  and  the  relations  between  them,  become  ju6t  as 
real  and  external  as  tho  ordinary  objects  of  eiperienoe ;  and  the  per- 
ception of  now  relations  among  thoin  is  so  rapid,  the  correspondence 
of  the  mind  to  external  ci remittances  so  great,  that  a  real  scientific 
sense  is  developed,  by  which  things  arc  perceived  as  immediately  and 
truly  as  I  see  you  now.     Poets  and  painters  and  musicians  also 


are 


I  of  the  Condiiton*  of  Menial  Developement. 


18G8.] 

so  accustomed  to  put  outside  of  them  tlie  idea  of  beauty,  that  it  becomes 
a  real  external  existence,  a  thing  which  they  see  with  spiritual  eyes, 
and  then  describe  to  you,  but  by  no  moans  create,  any  more  than  we 
seem  to  create  these  ideas  of  table  and  forms  and  light,  which  we  put 
together  long  ago.  There  is  uo  scientific  discoverer,  no  poet,  no 
painter,  no  musician,  who  will  not  tell  you  that  ho  found  ready-made 
his  discovery  or  poem  or  picture— that  it  came  to  him  from  outside, 
and  that  he  did  nut  consciously  create  it  from  within.  And  there 
is  reason  to  think  that  these  senses  or  insights  are  things  which 
actually  increase  among  mankind.  It  is  certain  at  least,  that  the 
scientific  sense  is  immensely  more  developed  now  than  it  was  three 
hundred  years  ago ;  and  though  it  may  lie  impossible  to  find  any  absolute 
standard  of  Art,  yet  it  is  acknowledged  that  a  number  of  minds  which 
are  subject  to  artistic  training  will  tend  to  arrange  themselves  under 
certain  great  groups,  and  that  the  members  of  each  group  will  give 
an  independent  yet  consentient  testimony  about  artistic  questions. 
And  this  arrangement  into  Wfioolfi,  and  the  dofiniteuess  of  the  con- 
clusions reached  in  each,  are  on  the  increase.  So  that  here,  it  would 
seem,  ore  actually  two  new  senses,  the  scientific  and  the  artistic,  which 
the  mind  is  now  in  the  process  of  forming  for  itself.  There  are  two 
remaining  marks  of  developement :  differentiation  from  surrounding 
minds,  which  is  the  growth  of  individuality ;  and  closer  corre- 
spondence with  them,  wider  sympathies,  more  perfect  understanding 
of  others.  These,  you  will  instantly  admit,  uro  precisely  the  twin 
characteristics  of  a  man  of  genius.  He  is  clearly  distinct  from  the 
people  that  surround  him,  that  is  how  you  recognize  him ;  but  then 
this  very  distinction  must  be  such  as  to  bind  him  still  closer  to  them, 
extend  and  intensify  his  sympathies,  make  him  want  their  wants, 
rejoice  over  their  joys,  be  cast  down  by  their  sorrows.  Just  I 
throat  is  a  complicated  thing,  quite  different  from  the  rest  of  the  body, 
but  yet  is  always  ready  to  cry  when  any  other  part  is  hurt. 

We  have  thus  got  a  tolerably  definite  notion  of  what  mental 
developement  means.  It  is  a  process  of  simultaneous  differentiation 
and  integration  which  goes  on  in  the  parts  of  consciousness,  between 
the  mind  and  external  things,  between  the  mind  and  other  minds. 
And  the  question  I  want  answered  is,  what  attitude  of  mind  tends  to 
farther  these  processes  ? 

I  have  now  done  all  that  it  was  my  business  to  do,  namely,  I  havo 
stated  the  question  in  a  form  in  which  it  is  possible  to  answer  it. 
There  is  no  doubt  that  by  a  careful  study  of  the  operations  of  nature 
we  shall  be  able  to  find  out  what  actions  of  an  organism  are  favourable 
to  its  higher  developement.  Having  formulated  these  into  a  law,  we 
shall  bo  able  to  interpret  this  law  with  reference  to  the  mind. 

Dut  now  I  am  going  to  venture  on  a  partial  answer  to  this  ques- 
tion. What  I  am  going  to  say  is  mere  speculation,  and  requires  to  be 
verified  by  facts. 

The  changes  which  take  place  in  an  organism  are  of  two  kinds. 
Some  are  produced  by  the  direct  action  of  things  outside,  and  these 


are  to  a  groat  extent  similar  to  the  changes  which  wo  observe 
mate  Ihings.  Whon  a  tree  is  bout  over  by  the  wind,  anil  gota  ulti- 
mately fixed  in  this  position,  the  change  is  in  no  way  different  from 
that  which  takes  place  when  wo  bend  a  wire  and  it  does  not  entirely 
return  to  its  former  straightness.  Other  changes  are  produced  by  the 
spontaneous  action  of  that  store  of  force  which  by  the  process  of 
growth  is  necessarily  accumulated  within  the  organism.  Such  aro  nil 
those  apparently  disconnected  motions  wliich  make  up  the  great  dis- 
tinction between  living  things  and  dead.  Now  my  simulation  is,  that 
advantageous  permanent  changes  are  always  produced  by  the  sponta- 
neous action  of  the  organism,  and  not  by  the  direct  action  of  the 
environment.  This,  I  think,  is  most  clear  when  we  take  an  extreme 
case.  Let  ns  supposo  a  race  of  animals  that  never  had  any  changes 
produced  by  their  spontaneous  activity.  The  race  must  at  a  certain 
time  have  a  definite  amount  of  plasticity,  that  is,  a  definite  power  oi 
adapting  itself  to  altered  circumstances  by  changing  in  accord IDH 
with  them.  Every  permanent  effect  cf  the  environment  upon  them  is 
a  crystallization  of  sonic  part  which  before  was  plastic  ;  for  tho  port 
must  have  been  plastic  fur  Ibe  effect  to  Ik:  produced  at  all  ;  and  as  tho 
effect  is  permanent,  the  part  has  to  that  extent  lost  in  plasticity.  As 
this  goes  on,  the  race  of  animals  will  hind  up  in  itself  more  and  more 
of  its  history,  hut  will  in  that  process  lose  tho  capability  of  change 
which  it  once  had  ;  at  last  it  will  he  quite  fixed,  crystallized,  incapable 
of  change.  Then  it  must  inevitably  die  out  in  time  ;  for  the  environ- 
ment must  change  sooner  or  later,  and  then  the  race,  incapable  of 
changing  in  accordance  with  it,  must  be  killed  off.  On  the  other 
hand,  any  addition  to  the  organism  which  is  made  by  its  spontaneous 
activity  is  an  addition  of  something  which  has  not  yet  been  acted 
upon  by  the  environment,  which  is  therefore  plaatjo,  capable  of  inde- 
finite modification,  in  fact,  an  increase  of  power.  The  bonding  of  a 
treo  by  tha  wind  is  a  positive  disadvantage  to  it  if  the  wind  should 
ever  happen  to  blow  from  tho  other  side.  But  whon  a  plant,  for  no 
apparent  reason,  grows  long  hairs  to  its  seed — the  material  for  which 
may  havo  been  accidentally  supplied  by  the  environment,  while  its 
use  in  this  way  is  a  spontaneous  action  of  the  plant — this  is  a  definite 
increase  of  power  ;  for  the  new  organ  may  be  modified  in  any  conceiv- 
able way  to  suit  the  exigencies  of  the  environment,  may  cling  to  the 
sides  of  leasts,  and  so  help  the  distribution  of  the  seed,  or  effect  the 
same  object  by  being  caught  by  tho  wind.  Activity,  in  fact,  is  tho 
first  condition  of  duvelo[>ement.  A  very  good  example  of  thu»  ooenre 
in  Professor  Huxley's  lizards,  of  which  you  heard  two  or  three  weeks 
ago.  About  the  time  marked  by  the  primary  strata  it  appears  that 
there  was  a  race  of  lizards,  thirty  feet  high,  that  walked  on  their  hind 
legs,  balancing  themselves  by  their  long  tails,  and  having  throe  toes 
like  birds.  This  race  diverged  in  three  directions.  Some  of  them 
yiolded  to  tho  immediate  promptings  of  the  environment,  found  it 
convenient  to  go  on  all  fours  and  oat  fish ;  they  became  erocodilca 
Others  took  to  exorcising  their  foio-Iugs  violoully,  developed 
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long  fingers,  and  became  birds.  Tho  rest  were  for  a  long  while  unde- 
cided whether  tboy  would  uso  their  anns  or  their  legs  most ;  at  length 
thoy  diverged,  and  some  lieenmc  plerodaetyles  and  others  kangaroos. 
For  Mr.  Soeley,  of  Cambridge,  hue  discovered  marsupial  bones  in 
pterodactyles,  that  is  to  siiy,  bones  like  those  which  were  supposed 
peculiar  to  tho  order  of  mammals  to  which  the  kangaroo  belongs. 

Assuming  now  that  this  law  is  true,  and  th;it  the  devolopemont  of 
an  organism  proceeds  from  its  activities  rather  than  its  passivities,  let 
us  apply  it  to  the  niind.  What,  in  fact,  are  the  conditions  which 
must  be  satisfied  by  a  inind  in  process  of  upward  development,  so  far 
as  this  law  gives  them? 

They  are  two ;  one  positive,  the  other  negative.  The  positive 
condition  is  that  tho  mind  should  act  rather  than  assimilate,  that  its 
attitude  should  bo  one  of  creation  rather  than  of  acquisition.  If 
scientific,  it  must  not  rest  in  tho  contemplation  of  existing  theories, 
or  the  learning  of  facts  by  roto  ;  it  must  act,  create,  make  fresh  powers, 
discover  new  facts  and  laws.  And  if  the  analogy  is  true,  it  must  create 
things  not  immediately  useful.  I  am  here  putting  in  a  word  for  thoso 
abstruse  mathematical  researches  which  arc  so  often  abused  for  having  t 
no  obvious  physical  application.  The  fact  is  that  the  most  useful 
parts  of  science  have  been  investigated  for  tho  sake  of  truth,  and  not 
for  their  usefulness.  A  new  branch  of  mathematics,  which  has  sprung 
up  in  the  last  twenty  years,  was  denounced  by  tho  Astronomer  Royal 
before  the  university  of  Cambridge  as  doomed  to  bo  forgotten,  on 
account  of  its  nselessness.  Now  it  turns  out  that  tho  reason  why 
we  cannot  go  further  in  our  investigations  of  molecular  action  is  that 
we  do  not  know  enough  of  this  branch  of  mathematics.  If  the  mind  is 
artistic,  it  most  not  sit  down  in  hopeless  awe  before  the  monuments  of 
the  great  masters,  as  if  heights  so  lofty  could  have  no  heaven  beyond 
them.  Still  less  must  il  tremble  before  the  conventionalism  of  one  age, 
when  its  mission  may  be  to  form  tho  whole  life  of  the  age  succeeding. 
No  amount  of  erudition  or  technical  skill  or  critical  power  can  absolve- 
the  mind  from  the  necessity  of  creating,  if  it  would  grow.  And  tho 
power  of  creation  is  not  a  matter  of  static  ability,  so  that  one  man 
absolutely  can  do  these  things  and  anothor  man  absolutely  cannot ;  it 
is  a  matter  of  habits  and  desires.  The  results  of  tilings  follow  not 
from  their  state  but  from  their  tendency.  The  first  condition  then 
of  mental  dovelopeniont  is  that  tho  attitude  of  tho  mind  should  bo 
creative  rather  than  acquisitive:  or,  as  it  has  been  well  said,  that 
intellectual   food   slmuld  go  to  form  mental   musele  and  not  mental 

bt 

The  negative  condition  is  plasticity:  the  avoidance  of  all  such 
crystallization  as  is  immediately  suggested  by  tho  environment.  A 
mind  that  would  grow  must  let  no  ideas  become  permanent  except 
such  as  lead  to  action.  Towards  all  others  it  roust  maintain  an  attitude 
of  absolute  receptivity ;  admitting  nil,  being  modified  by  nil,  lint  \«r- 
nuuiciitly  biassed  by  none.  To  become  crystallized,  fixed  in  opinion 
and  inodc  of  thought,  is  to  lose  the  great  characteristic  of  We,  by 
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which  it    is   distinguished    from   inanimate  nature :    the    power  of 
adapting  itself  CO  circumstances. 

This  is  true  even  more  of  the  race.  There  are  nations  in  the  East 
so  enslaved  by  custom  that  they  seem  to  have  lost  all  power  of  change 
except  the  capability  of  being  destroyed.  Propriety,  in  fact,  is  the 
crystallization  of  a  race.  And  if  wo  consider  that  a  race,  in  propor- 
tion as  it  is  plastic  and  capable  of  change,  may  bo  regarded  as  young 
and  vigorous,  while  a  race  which  is  fixed,  persistent  in  form,  unable 
to  change,  ts  as  surely  effete,  worn  out,  in  peril  of  extinction  ;  we 
shall  see,  I  think,  the  immense  importance  to  a  nation  of  cheeking 
the  growth  of  conventionalities.  It  is  quite  possible  for  conventional 
rules  of  action  and  conventional  habits  of  thought  to  get  such  power 
that  progress  is  impossible,  and  the  nation  only  fit  to  bo  improved 
away.     In  the  face  of  such  a  danger  »'(  is  not  right  to  be  proper. 

[W.  K.  C.J 


WEEKLY    EVENING   MEETING, 
Friday,  March  13,  1868. 


W.  Stanley  Jevonb,  M.A. 


On  tlie  Probable  I'^liawlk-n  ■four  Coal  Miiteg. 


I.  Thb  coal  raised  from  the  coal  mines  of  the  United  Kingdom  in 
the  year  1866  amounted  to  more  than  one  htndnil  million  torn  (more 
exactly  101,630,5-14  tons),  according  to  the  excellent  returns  published 
by  Mr.  Robert  Hunt,  of  the  Mining  Record  Office.  Reflecting  upon 
tho  full  significance  of  this  fact  it  may  bo  asserted  : — 

1.  That  tho  coal  trade  of  this  kingdom  its  the  greatest  trado,  in 
regard  to  the  bulk  and  weight  of  the  commodity,  ever  carried  on. 

2.  That  every  pound  of  that  vast  quantity  of  coal  may  be  regarded 
as  a  pound  of  the  most  intrinsically  useful  and  valuable  substance  ever 
discovered. 

3.  That  tho  power  and  usefulness  of  coal  is  felt  in  every  branch 
of  industry,  and  in  almost  every  operation  which  we  carry  on. 

4.  That  Dritain  possesses  the  aid  of  this  most  invaluable  substauee 
in  an  altogether  peculiar  degree ;  and — 

5.  That  we  cannot  hope  to  stand  very  long  in  this  most  happy 
position. 

II,  So  vast  a  quantity  as  100,000.000  tons  cannot  be  represented 
to  the  eye  or  mind.     Its  bulk  is  30  times  as  great  as  that  of  tho 
it  single  work  of  human  hands,  the  Pyramid  of  Cheops,   Greater 
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quantities  of  commodities  arc  brought  into  British  ports  at  present, 
than  are  recorded  in  the  history  of  any  nation,  and  yet  it  would  take 
more  thau  seven  times  as  many  vessels  as  those  which  enter  our  ports 
in  a  year  to  carry  the  quantity  of  coal  we  use. 

More  than  half  of  the  whole  carrying  power  of  the  railways  of  the 
United  Kingdom,  devoted  to  goods  traffic,  is  occupied  in  the  con- 
veyance of  coal.  So  far  as  we  can  judge  from  returns,  which  do  sot 
always  distinguish  the  kinds  of  goods  carried,  the  goods  traffic  of  the 
railways  of  the  United  Kingdom  in  1865  was  as  follows  : — 


Total 
Coul  and  Coke 

.      ..     59,500,000 

,      ..  114,600,000 

III.  This  vast  trade  in  coal  can  only  be  accounted  for  by  consi- 
dering the  wonderful  qualities  with  which  coal  is  endowed.  It  is  the 
mainspring  of  ode  matkrial  industry.  It  may  be  called  the  real 
Philosopher's  Stone,  which  supplies  us  cheaply  and  plentifully  with 
everything  that  can  conduce  to  the  service  of  man.  This  extreme 
usefulness  of  coal  is  due — 

1.  To  the  enormous  power  which  is  latent  in  it,  and  is  brought 
forth  when  we  bnrn  it ; 

2.  To  tho  fact,  now  so  clearly  revealed  by  science,  that  force  is  the 
key  to  all  the  changes  of  matter. 

By  aid  of  the  mechanical  equivalent  of  heat,  we  can  ascertain  that 
good  coal  contains  latent  force  sufficient  to  raise  its  own  weight 
11,422,000  feet,  or  about  2100  miles  against  the  force  of  gravity. 
The  coal  raised  in  186G  may  further  be  calculated  to  contain  forco 
equal  to  that  which  would  he  exerted  by  530.000,000  horses,  or 
2,660,000,000  men,  working  eight  hours  a  day  for  300  working  days 
in  the  year. 

TV.  This  vast  power  is  turned  to  use  in  an  indefinite  multitude  of 
ways,  which  may  thus  ho  rudely  classified. 

CLASSIFICATION   OP  THE   USES  OF  COAL. 

(i.)  As  Source  of  Heat. 

1.  For  Household  Use. — Wanning  and  ventilating  houses, 

churches,  public  buildings,  &o. 

2.  For  the  Alteration  of  Cohesive  Condition  of  Substance*. 

Melting  and  casting  of  metals ;  softening  and  forging  of 
metals — the  blacksmith's  fire. 


•  Kot  including  bve  stock,  of  which  the  weight  is  not  asceriained. 
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Manufacture  of  glass,  bricks,  earthenware,  &e. 

Boiling  salt,  soap,  &c. ;  brewing ;  distilling ;  drying  snb- 
stauces. 

Chemical  manufactures. 
3.  For  the  Production  of  Power  by  the  Steam,  Go*,  or  Hot-air 

Engine.  Pumping  water;    draining    mines;    supply  of 

water  ;  removal  of  sewage. 
Steam  navigation. 
Railways,  and  road  locomotives. 
Hammering,  rolling,  and  working  metals. 
Mill  and  factory  labour. 
Hydraulic  and  paramatta  machines. 
Small  machines  moved  by  goa  ougiuo. 
Macliino  agriculture  ;  steaia  ploughing,  &c. 
Manufacture  of  ice. 
(n.)  As  Reducing  Agent  ;   Source   of   Heat,  with   Cam 

AFFINITY. 

Smelting  of  the  metals— iron,  copper,  lend,  zinc,  &c. 
Chemical  manufactures. 

(HI.)    AS  INDIRECT    SoUBOE    OF    ELECTuICITY    BY    MAGNETO-ELLeTlil 

Machines. 

Kl  ectrc- telegraphy . 

Elcc  tro-ru  o  tallurgy . 
(iv.)  As  Souuci!  of  Light. 

Gas  manufacture  ;  p.  hidi  urn  ;  paraffin  candles. 

Electric  light-house  i  11 1  [initiation. 

Photography  by  artificial  light, 
(v.)  As  Socb.ce  op  Material. 

Tar,  pitch,  naphtha,  lubricating  oils. 

Ammoniacal  manures ;  carbolic  acid  ;  aniline  dyes  ;  ethereal 
odours  and  Savours,  &c 
It  ia  oidy  by  thus  collecting   together  the  multitiiilinous  uses  of 
coal  that  wo  can  gain  an  adequate  idea  of  its  importance  to  us  and  the 
certainty  that  its  use  will  extend. 

V.  Comparing,  now,  the  present  yield  of  coal  (100,000,000  tons 
annually)  with  the  quantity  which  Mr.  Hull  believes  to  lio  in  these 
islands,  within  4000  feet  of  the  surface  and  in  workable  condition 
(83,fi-t-t, 000,000  tons),  we  find  that  wo  might  continue  to  consume 
coal  at  our  present  animal  rate  for  83.")  years  at  least ;  but  when  wo 
rcmcrnlicr  that  our  consumption  has  increased  by  3t>  millions  in  the 
lost  twelve  yoare  (from  about  G5  millions  in  1S54  to  101,000.000 
in  18G6J,  and  that  the  causes  of  increase  still  continue  in  existence, 
we  cannot  attribute  any  importance  to  the  above  calculation.  There-  is 
no  appearance  that  Mum  navigation  or  railways  have  at  all  approached 
their  full  developoment  in  this  country;  while  in  the  steam-plough, 
in  schemes  of  steam-drainage  or  water-supply,  the  employment  of 
steam -produced  hydraulic  pressuro,  in  the  use  of  small  gas-engines 
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in  workshops,  and  in  a  niultitndo  of  other  ways,  wo  have  some  indica- 
tion of  tho  increased  future  demand  for  coal. 

VI.  Economy,  it  may  be  pointed  out,  does  not  tend  to  reduce  the 
industrial  consumption  of  eoal,  hut  acta  in  tho  opposite  direction  : 
by  increasing  tho  profitableness  of  coal-labour,  it  extends  its  use. 
Almost  every  improvement  in  the  engine  for  the  last  century  and  a 
half  has  been  directed  to  economizing  the  consumption  of  coal  ;  and 
j-bt  the  use  of  the  engino  and  tlio  quantities  of  eoal  consumed  ad- 
vanced pari  patttu  with  its  economical  performance. 

It  is  altogether  irrational  to  argue  that  progressive  economy,  which 
has  coexisted  with  and  been  the  partial  cause  of  advancing  consump- 
tion in  the  past,  will  h.ivo  the  opposite  effect  in  the  future. 

VII.  Aa  regards  tlio  law  of  increase  of  coal  consumption,  both 
experience  and  theory  lead  us  to  believe  that  the  increase  takes  place 
in  a  geometrical  series,  by  multiplication  rather  than  by  more  addition. 
The  lolloping  numbers  will  illustrate  the  difteronce  in  question: — 

2    3    4      5      6      7        6 
2     4     8     10     32     1)1     128 

The  following  table  will  show  that  when  we  can  get  nocuntto 
statistics  of  tho  consumption  of  eoal  wo  find  the  increments  inde- 
finitely increasing,  in  the  manner  rather  of  a  geometrical  than  of  an 
arithmetical  scries. 


Turn. 
2111,1100 
438, 100 

08t,700 

],«!■!!, nno 
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812,100 
2.10.G00 
410,300 
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The  above  and  other  statistics  quoted  in  the  'Coal  Question,'  f 
Chapters  IX.  X.  and  XI.,  show  that  our  iudustry  grows  by  multipli- 
cation, and  by  multiplication  at  it  rising  rather  thuu  at  a  falling  rate. 
The  temporary  depressions  of  trade  which  occur  at  intervals  may 
sometimes  scum  to  check  the  rapidity  of  this  increase ;  but  we  have 
only  to  wait  a  year  or  two  to  see  our  industry  advancing  again  with 
growing  stride*. 

No  statements  of  tho  total  amount  of  coal  produced  in  this  king- 
dom arc  the  least  to  be  relied  on,  except  thoso  collected  by  Mr.  Robert 
Hunt,  tbe  Keeper  of  Mining  Records,  and  the  following  is  a  statement 

•  Increase  as  fur  fifty  years,  if  continued  ot  same  rate  aa  during  llit  thirteen 
yr.iw*  ruierieiiced. 

t  'Tlio  Gsil  Question  :  :in   Inquiry  coneerniu 

•ml  tbe  Probable  Kilmiisti i.nr  Coal  Mine*.' 

miiinl.      London,  lSfiG.      (Miii'miHuti.; 
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of  the  general  progress  of  the  coal  trade  of  the  United  Kingdom  as 
ascertained  by  him:* — 

Y«*r.  Coal  raised.  Coal  mporwd.    ,   Tear.  Coal  ralsd.  Coal  exported. 

1854  ..     e^fwi'boo    ..   4,3(^ooo  I  i«ei    ,.     85,^000    ..   7,222^000 

1855  ..  61,453,000  ..  4,976,000  ,  1862  ..  83,638,000  ..  7,094,000 

1856  .,  66,045,000  ..  5,879,000  1863  „  88,292,000  ..  7.529,000 

1857  ..  65,394,000  ..  6,737,000  I  1864  ..  92,787,000  ,.  8,063,000 

1858  ..  65,008,000  ..  6.529,000  I  1865  ..  98.150,000  ..  8,585,000 

1859  ..  71,979,000  ..  7,081,000  1866  ..  191,630,000  ..  9,367,000 

1860  ..  60,042,000  ..  7,412,000  . 

It  is  impossible  to  view,  without  Home  degree  of  alarm,  so  rapid  an 
increase  of  the  coal  trade  as  the  preceding  figures  indicate.  Without 
doubt  our  production  will  advance  to  200  millions  before  very  many 
years  are  past;  and  the  alarming  calculation  maybe  made  that  if  we  went 
on  increasing  our  production  of  coal  for  HOyoars  as  rapidly  as  we  have 
done  during  tho  last  12  years,  our  coal  seams  would  be  worked  out  to 
a  depth  of  4.000  feet.  But  such  a  supposition  is  put  forward,  not  as  a 
serious  possibility,  but  as  a  rediwliv  a<l  iiiwriium.  The  conclusion  lo 
be  drawn  from  it  is  simply  that  the  nation  cannot  possibly  progress  ia 
material  wealth  for  110  years  more  as  rapidly  as  it  has  done  in  the 
present  century.  Tho  limited  extent  of  our  coal-fields  would  not 
allow  ns  to  go  on  increasing  the  draught  of  coal  as  lavishly  as  we 
have  done.  But  it  is  the  very  necessity  of  changing  from  a  highly 
progressive  to  a  less  progressive  or  stationary  condition,  that  is  most 
grievous.  Population  and  production,  when  onco  set  in  motion,  move 
with  a  certain  impetus,  and  it  is  tho  check  to  such  motion  which  is 
distressing  and  threatening. 

VIU.  Tho  subject  weara  a  moro  serious  aspect  still  when  we  con- 
sider the  coal  resources  and  production  of  other  countries  as  well  as 

According  to  tho  latest  returns  which  are  at  hand,  it  would  seem 
that  tho  total  known  produce  of  coal  in  tho  world  is  thus  distributed 
over  the  chief  nations : — 

Great  Bri  tain 101,630,000 

United  States 25,800,000 

Frusaia  ami  the  Zollveroin      20,610,000 

France         10,710,000 

Belgium 9,935,000 

Austria       4,500,000 

British  North  America 1,500,000 

Russia        1,500,000 

Spuin 300,000 

New  Sooth  Wales 250,000 

Ireland       123,500 

Total      176,858,560 

•  1  am  hinrllj  informed  by  Mr.  Hunt  that  when  the  returns  of  the  ronsumplino 
of  coal  in  1X07  are  completed,  the  total  will  probably  nrnount  to  104,000,000  tuna, 
showing  roiytiinit.il  mrrtu^  in  .-]■!!.■  of  tin  deprcsi-itjn  of  trade. 
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It  would  appear  then  that  of  the  total  inorrn  produce  of  coal  in 
the  world  we  raise  considerably  more  than  half  (57  per  cent.), 
although  wo  form  probably  not  more  than  one  in  forty  of  the  popu- 
lation of  the  world.  If  to  our  own  coal  produce  we  add  that  of  tho 
United  States  and  our  colonies,  we  may  conclude  that  the  Teutonic 
race  enjoys  73  per  cent.,  or  almost  3  parts  out  of  4,  of  the  coal  raised. 
It  is  hardly  possible  to  over-estimate  the  forces  acting  -in  our  favour 
which  are  rejuDMuted  by  this  partial  monopoly  of  the  most  powerful 
material  agent  of  civilization. 

The  total  quantity  of  coal  existing  can  hardly  bo  said  to  be  known 
in  tho  case  of  any  one  country ;  but  some  notion  of  the  comparative 
coal  resourcos  of  different  countries  may  be  gained  from  the  following 
statement  of  the  area  of  thu  coal-measures  in  the  thief  coal -producing 
countries,  as  estimated  by  Professor  Itogera  : — 

Art*  of  Coil  Until  m 

United  States 196,850 

British  North  American  Possessions     7,530 

Oreat  Britain 5,400 


Westphalia 


Though  Great  Britain  is  far  more  abundantly  provided  with  coal 
than  any  continental  nation,  our  resourcos  sink  into  insignificance 
beside  those  of  North  America,  and  no  very  long  period  will  elapse 
before  this  comparative  poverty  in  coal  will  make  itself  felt. 

IX.  It  is  continually  suggested,  indeed,  that  before  coal  is  at  all 
likely  to  bo  exhausted,  some  substitute  will  be  found  for  it,  and  appeal 
jb  made  to  some  old  proverb,  like  iVWvWty  ;'*  the  wlh-.r  of  invention. 
But  it  requires  very  little  philosophy  to  see  that  tho  proverb  is  very 
partially  true.  We  live  in  a  chronic  state  of  necessity  and  difficulty, 
and  the  great  discoveries  which  wo  enjoy  are  but  so  many  exceptional 
instances  in  which  we  have  been  unexpectedly  relieved  from  labour 
and  evil.  Wo  have  no  real  ground  for  supposing  that  when  one 
exceptional  advantage  is  withdrawn  from  us,  another  will  immediately 
be  extended  to  us. 

The  favourite  notion  tbat  electricity  will  be  tho  future  source  of 
power  ia  entirely  fallacious ;  for  the  coal-driven  engine  moving  tho 
magneto-electric  machine  is  now  the  cheapest  source  of  electricity, 
and  by  gradual  improvements,  such  as  that  in  Mr,  Wilde's  machine, 
coal  will  become  a  still  cheaper  source  of  electricity.  Even  the 
elements  of  the,  electric  battery  have  always  been  practically  furnished 
by  the  reducing  power  of  coal.  If  coal  then  become,  as  there  is  every 
reason  to  suppose  it  will,  a  cheaper  and  cheaper  source  of  electricity. 
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it  is  obviously  absurd  to  supposo  that  eloctrioity  should  supersede  tho 
power  of  coal. 

It  inconceivable,  indeed,  that  in  thcconrsoof  ages  some  wholly  new 
source  of  power  might  bo  discovered  ;  but  thuro  is  no  reason  to  supposo 
that  this  island,  which  forms  but  the  one  four- hundredth  part  of  the 
total  land-area  of  the  globe,  would  he  as  richly  endowed  with  tho  new 
source  of  power  as  it  is  with  coal.  If  tho  sun's  beams  are  in  the  future 
to  be  the  direct  source  of  power,  it  is  tho  plains  of  Africa  or  of  Aus- 
tralia that  will  be  tho  scats  of  industry  and  not  this  cloud -obscured 
Isle 

X.  The  conclusions  we  must  como  to  on  this  subject  aro  then  as 
follows : — 

1.  Tho  power  of  coal  is  extending  itself  and  making  itself  more 
widely  and  deeply  felt  every  day.  It  is  more  and  more  taking  tho 
place  of  wind,  horse,  or  manual  power,  and  is  becoming  tho  universal 
assistant. 

2.  We  are  naturally  led  every  day  to  extend  our  consumption  of 
so  invaluablo  a  substance,  and  experience  shews  that  the  more  wo  use 
the  more  extensive  arc  our  augmentations. 

3.  Our  consumption  is  already  commensurable  with  our  total 
supply;  that  is  to  say,  we  can  form  some  notion  how  long  our  supply 
will  endure  with  a  stationary  consumption, 

4.  As  this  consumption  increases  by  multiplication,  our  national 
life  becomes  shortened,  and  it  is  apparent  that  the  increase  cannot  go 
on  very  long  at  tho  present  rate. 

5.  Tho  moment  we  are  forced  to  draw  in,  other  nations,  pos' 
sessing  far  more  extensive  fields  of  coal  compared  with  their  annual 
consumption,  will  be  enabled  to  approach  and  ultimately  to  pass  us. 

6.  The  oxhanstion  of  our  mines,  as  it  will  probably  manifest  itself 
within  tho  next  hundred  years,  will  consist  not  in  any  stoppage  of 
supplies,  but  an  increase  of  cost,  and  the  impossibility  of  increasing 
the  consumption  each  year  as  at  present. 

■  XI.  At  some  future  time  then,  when  coal  will  bo  oven  a  more  use- 
ful agent  than  at  present,  wo  shall  stand  in  a  position  of  comparative 
inferiority.  For  such  a  time  wo  can  best  prepare  ourselves,  not  by  short' 
sighted  restrictions  on  the  consumption  or  evaporation  of  coal,  but  by 
freeing  the  nation  from  its  burdens  of  debt  and  ignorance  and  pau- 
perism. We  have  many  great  tasks  to  perform,  which  can  oidy  be 
undertaken  with  a  fair  hope  of  success  when  the  nation  is  in  a  state  of 
high  prosperity  and  progress.  It  will  bo  too  late  to  think  of  such 
great  undertakings  when  our  progress  is  checked,  and  the  pressure  of 
population  and  tho  want  of  employment  are  grievously  felt.  It  is  in 
a  period  of  free  expansion  like  the  present  that  we  can  alone  take  any 
effectual  measures  for  raising  appreciably  the  standard  of  education, 
comfort,  arnl  morality  of  the  people;  and  if  wo  do  not  use  the  abundant 
wealth  which  our  coal  resources  now  afford  us  to  fulfil  such  duties, 
we  undoubtedly  misuse  it. 

|W.  S.  J.] 
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His  Rotal  Highness  thb  Prince  op  Wai.es,  E.G.  in  tbo  Cliair. 

Pbofebbob.  Acgostpb  Matthiebsen,  F.R.S. 

On  Alloys  and  their  Utet. 

The  object  of  thin  discourse  was  to  show  experimentally  why  alloys 
are  used  iu  preference  to  their  component  metals. 

Alloys  may  lie,  chemically  considered,  divided   into  thrco  classes  : 

1.  Chemical  combinations. 

2.  Mechanical  mixtures. 

3.  Solutions  of  the  one  metal  in  the  other  fl  hich  has  become  solid, 
or,  for  shortness  sake,  solidified  solutions  of  tho  ono  metal  in  tho 
other. 

Under  tho  term  chemical  combination  such  alloys  may  bo  con- 
sidered which  arc  the  result  of  the  combination  of  two  metals  when 
those  unite  together  with  great  energy  and  evolution  of  hunt,  producing 
an  alloy  the  physical  and  chemical  properties  of  which  wo  cannot 
foresee.  As  an  example  of  such  alloys  those  of  gold,  with  tin,  load,  or 
zinc  may  be  quoted  ;  for  if  to  melted  tin,  load,  or  zinc,  gold  be  added, 
the  two  metals  nnito  togother  with  great  energy  and  produee  an  alloy 
which  is  exceedingly  brittle  and  totally  unlit  for  practical  purposes. 

It  is  for  this  reason  that  the  more  expensive  metals,  silver  and 
copper,  are  need  for  alloying  gold  for  the  pin-poses  of  coinage,  Ac. 

With  regard  to  such  alloys  which  may  be  looked  upon  us  mecha- 
nical mixtures,  liko  oil  and  water,  or  rather  as  ether  and  water,  for  no 
two  metals  arc  known  which,  like  oil  and  water,  do  not  dissolve  at  all 
in  one  another,  but  a  few  metals  ore  known  which,  like  ether  and 
water,  dissolve  slightly  in  one  another,  for  ether  will  dissolve  a  certain 
amount  of  water,  and  water  a  certain  amount  of  ether.  If  ether  and 
water  be  mixed  together,  say  in  equal  parts,  two  layers  will  be  formed, 
the  top  ono  being  ether  containing  a,  little  water,  the  lower  ono  water 
containing  a  little  ether.  Two  metals,  for  instance,  which  behave  in 
exactly  a  similar  manner  to  ether  and  water  arc  lead  and  zinc,  for  lead 
when  fused  with  zitie  will  dissolve  I'll  per  cent,  zinc,  and  zinc  in  its 
turn  will  take  up  I'll  per  cent,  lead. 

If  these  two  metals  bo  fused  together,  say  in  equal  parts,  they  will 
separate  into  two  layers,  liko  ether  and  water,  the  top  one,  being  tho 
specifically  lighter,  zinc,  with  a  small  percentage  of  lead,  the  lower  ono 
load,  with  a  small  percentage  of  zinc.     If  such  an  alloy  be  made  and 


cast  id  a  mould,  the  difference  in  tlie  behaviour  of  tho  two  ends  may 
be  easily  shown ;  for  the  top  one  is  so  brittle  that  it  cannot  be  bent 
without  breaking,  whereas  the  lower  one  may  be  bent  with  ease. 

Such  chemical  combinations  audmechanie.d  mixtures  arc,  however, 
comparatively  rare  ;  and  for  alloys  in  common  use,  practice  baa  almost 
invariably  chosen  such  alloys  as  may  bo  considered  u  belaogbis  to  the 
third  class,  rejecting  those  of  the  first  and  second  as  worthless  for 
practical  purposes. 

Under  the  term  solidified  JolafcuM  of  the  one  metal  in  the  other, 
such  alloys  may  be  considered,  which,  like  the  chlorides  of  potassium 
and  sodium  when  fused  together,  products  a  mass  having  some  of  the 
physical  properties  totally  different  from  those  of  the  component  salts. 
It  cannot  bo  assumed  that  the  chloride  of  sodium  enters  into  chemical 
combination  with  the  chloride  of  potassium.  One  important  property 
of  a  solidified  solution  is,  that  the  components  are  homogeneously 
diffused  in  one  another,  so  that  even  under  the  most  powerful  micro- 
scope they  can  no  longer  be  distinguished  from  one  another. 

Alloys  are  used  because  they  possess  certain  physical  properties  to 
a  far  greater  eitout  than  their  component  metals.  The  physical  pro- 
perties may  be  divided  into  two  classes. 

1.  Those  which  in  all  cases  are  imparted  to  the  alloy,  approxi- 
mately in  the  ratio  in  which  they  are  possessed  by  the  component 
metals. 

2.  Those  which  in  some  cases  are,  and  in  others  are  not,  imparted 
to  the  alloy  in  the  ratio  in  which  they  are  possessed  by  the  component 
metals. 

To  the  first  belong  Specific  Gravity,  Specific  Heat,  and  Expansion 
due  to  heat.  It  is  easy  to  show  this  experimentally  ;  the  specific 
gravity  of  an  alloy  may  be  shown  to  be  equal  to  the  mean  of  those  of 
its  component  metals,  by  banging  on  the  one  side  of  a  balance  the 
alloy  and  ou  the  other  side  the  metals  composing  it  unalloyed,  and 
then  placing  them  both  in  water. 

The  specific  heat  of  an  alloy  may  be  proved  equal  to  that  of  its 
components  by  placing  the  alloy  and  its  components  in  boiling  water, 
and  then  in  equal  volumes  of  cold  water ;  when  tho  rise  of  tempera- 
ture- in  the  two  cases  will  bo  found  tho  same  as  may  be  shown  by  a 
differential-air  thermometer. 

A  brass  bar  placed  in  any  apparatus  for  showing  expansion  by 
heat  is  seen  to  expand  exactly  as  much  as  a  composite  bar,  of  which 
one  portion  is  of  copper,  the  other  of  zinc.  Tho  length  of  the  zinc 
portion  being  proportional  to  the  amount  of  zinc  in  brass. 

To  the  second  class  of  physical  properties  belong,  Conduction  for 
Heat  and  Electricity,  Hardness,  Tenacity,  Ac. 

As  a  basis  for  the  conclusion  which  will  bo  drawn,  the  electric  con- 
ducting power  for  alloys  may  be  taken.  Researches  into  this  subject 
have  shown  that  when  tin,  lead,  zinc,  or  cadmium  are  alloyed  together, 
unci  alloys  conduct  electricity  in  tho  ratio  of  the  relative  volumes 
of  the  component  metals,  whilst  in  all  other  cases  no  such  simple 
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relation  crista  between  the  conducting  power  of  the  metals  and  their 
alloys.  If,  for  instance,  gold  bo  alloyed  with  silver,  say  in  equal 
volumes,  the  conducting  power  of  an  alloy  will  ho  16,  that  of  silver 
being  100,  and  that  of  gold  80. 

If  curves  be  drawn  to  represent  the  conducting  power  of  different 
series  of  alloys,  three  typical  forms  will  be  observed :  the  first  repre- 
sented by  nearly  a  straight  line,  tbo  second  by  the  letter  L,  and  the 
third  by  the  letter  U. 

Wiedemann  and  Franz  have  proved  experim  en  tally  that  the  values 
obtained  for  the  conducting  power  of  metals  and  alloys,  for  heat  and 
electricity,  are  identically  the  same  ;  and  the  truth  of  this  statement 
may  be  shown  by  the  following  experiment : — If  bars  of  gold  and 
silver  anil  sumo  gold-silver  alloys  be  fixed  so  that  one  end  of  all  of 
them  is  in  a  hot-water  box  aud  the  other  end  in  the  bulb  of  a  small 
air-thermometer,  the  depression  in  tlw  columns  of  the  liquid  in  the 
tubes  of  the  a  tr-tbermo  meters  will  indicate  the  relative  conducting 
powors  (approximately)  of  the  several  bars ;  aud  if  through  the  tops  of 
the  columns  of  liquid  a  line  be  drawn,  such  line  will  form  a  curve 
similar  to  that  referred  to  as  obtained  for  the  electric  conducting 
power. 

That  this  is  true  is  thus  shown  : — 

By  the  side  of  this  apparatus  is  placed  another  of  this  construction : 
Into  tho  bulbs  of  several  air-thermometers  are  fixed  wires  of  the  same 
size  and  length,  anil  of  the  same  materials  as  wore  used  in  the  heat- 
conducting  experiment.  One  end  of  each  wire  is  soldered  to  one 
thick  copper  wire,  and  the  other  end  to  another  similar  wire.  These 
two  wires  are  connected  to  the  pules  of  a  buttery.  The  current  will 
then  divide  itself,  and  a  porting  '■■  Ml  pus*  I  In  ■:.i:^'h  cvury  win-  propor- 
tional to  the  conducting  power  of  that  wire.  This  current  will  heat 
the  wire  and  cause  the  liquid  in  the  tubes  connected  with  tho  air- 
thermomctcrs  to  descend,  and  tho  lino  drawn  through  the  top  of  tho 
columns  will  be  nearly  similar  to  tho  curve  already  mentioned,  which 
is  formed  by  the  bulbs  in  which  the  heat-conducting  bars  are  fixed. 

The  analogy  between  the  relation  existing  in  this  case  and  in  some 
othors  may  be  shown  experimentally  as  follows  ; — 

Sonority.  When  bars  of  alloys  and  their  component  metals  are 
struck,  a  great  difference  will  be  found  in  the  note  produced  ;  and  in 
almost  every  case  where  the  experiment  has  beta  made,  the  most 
sonorous  alloy  was  found  to  correspond  in  composition  up  proximately 
with  that  at  the  turning  point  of  the  electric  conducting  power  curve. 

Tenacity.  When  wires  of  the  same  diameter  of  metals  and  alloys 
are  broken  by  traction,  those  of  tho  alloys  will  require  a  much  greater 
force  than  their  component  metals  ;  and  it  may  bo  deduced  from  what 
is  known,  that  those  alloys  tho  composition  of  which  corresponds  to  the 
turning  point  uf  the  conducting  power  curve  are  more  tenacious  than 
any  other  alloy  composed  of  the  same  metals. 

EUutidty.  When  spirals  of  wires  of  metals  and  their  alloys  t 
weighted  to  an  equal  extent,  the  alloys  will  be  found  on  removing  the 

Vol.  V.     (No.  48.)  2  i 


Dr.  William  B.  Carpenter 


[March  27, 


weights  to  possess  tho  property  of  resuming  their  original  form 
much  higher  degree  than  their  component  metals.  Mere  again  tho 
alloys  corresponding  in  composition  to  those  of  the  turning  point  of 
the  conducting  power  curves  are  the  most  elastic. 

From  what  has  been  said,  and  from  the  experiments  described, 
the  conclusion  may  be  drawn  that  the  chemical  composition  of  the 
practically-nscd  two  metal-alloys  correspond  to  thoso  situated  at  tho 
turning  points  of  tho  heat  and  electric  conducting  power  curves,  and 
that  if  a  two-motal  alloy  of  a  special  physical  property  ho  required, 
it  would  be  as  well  to  try  that  alloy  the  composition  of  which  would 
correspond  to  the  turning  point  of  the  curve  representing  tho  electric 
conducting  power  of  the  alloys  of  tho  two  metals. 

[A.M.] 
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Sib  Henbx  Holland,  Bart.,  M.D.  D.C.L.  F.E.S.  President, 

in  the  Chair. 

William  B.  Cabpknteb,  M.D.  Y.P.R.9. 

On  the  Unconscious  Aciiviiy  of  the  Brain. 

Man's  conscious  life  essentially  consists  in  an  action  and  re-action 
between  hia  Mind  and  all  that  is  outside  it, — the  Me  and  the  Nol-Me. 
But  this  action  and  re-action  cannot  take  place,  in  his  present  stage  of 
existence,  without  the  intervention  of  a  material  instrument,  whose 
funotion  it  is  to  bridge  over  the  hiatus  between  tho  individual  con- 
sciousness and  the  external  world,  and  thus  to  bring  them  into  mutual 
communication.  So  long,  therefore,  as  oither  the  mental  or  the  bodily 
part  of  Man  was  studied  to  the  exclusion  of  tho  other,  no  true  pro- 
gress could  be  made  in  Psychological  Science  ;  and  thus  it  was  that  the 
bygone  controversies  between  the  Spiritualists  and  tho  Materialists, 
in  which  the  disputants  on  either  side  looked  at  his  composite  nature 
from  that  side  only,  were  barren  (if  any  other  good  result  than  that  of 
bringing  into  view  phenomena  that  might  otherwise  have  escaped  atten- 
tion. But  the  Psychologist  who  looks  at  his  subject  in  the  light  of 
that  more  advanced  philosophy  of  the  present  day  which  regards 
Matter  merely  as  the  vehicle  of  Force,  has  no  difficulty  in  seeing  where 
both  Bets  of  disputants  were  right  and  both  wrong ;  and,  laying  the 
foundations  of  bis  Science  broad  and  deep  in  the  whole  constitution  of 
the  individual  Man  and  bis  relations  to  the  world  external  to  him, 
aims  to  build  it  up  with  the  materials  furnished  by  experience 


him, 
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every  kind,  mental  and  bodily,  normal  and  abnormal, — ignoring  no 
feet,  however  strange,  that  can  bo  attested  by  valid  cvideuco,  and  accept- 
ing none,  however  authoritatively  sanctioned,  that  will  not  stand  the 
test  of  thorough  scrutiny. 

It  is  with  the  viow  of  promoting  the  advance  of  such  a  Psychology, 
that  the  lecturer  desires  tu  bring  into  more  distinct  recognition  a  doc- 
trine which  lias  been  familiar  to  the  Metaphysicians  of  Germany  from 
Leibnitz  to  the  present  time,  under  the  names  "  Latent  Thought,"  or 
tho  "  Preconscioua  Activity  of  the  Soul,"  and  was  systematically  ex- 
pounded in  this  country  by  Sir  William  Hamilton  :  whilst  in  Physio- 
logical language  it  may  be  designated  as  the  "  Unconscious  Action  of 
the  Brain,"  or,  more  strictly,  "  Unconscious  Cerebration.""  To  him- 
self it  seems  of  little  consequence  whether  the  doctrine  he  expressed 
in  terms  of  Metaphysiea  or  in  terms  of  Physiology,  provided  it  bo 
recognized  as  having  n  positive  scientific  basis.  But  since,  in  the 
systems  of  Philoaophj  long  prevalent  in  this  country,  mntcioutuesa 
has  heen  almost  uniformly  taken  as  the  basis  of  all  strictly  Mental 
activity,  it  seems  convenient  to  designate  as  Functions  of  the  Nervous 
System  all  those  operations  which  lie  below  that  level.  And  there  is 
this  advantago  in  approaching  tho  subject  from  the  Physiological 
side, — that  the  study  of  the  Automatic  actions  of  other  parts  of  the 
Nervous  System  furnishes  a  clue,  by  tho  gnidanco  of  which  wo  may 
be  led  to  tho  scientific  elucidation  of  many  phenomena  that  would 
otherwise  remain  obscure  and  meaningless. 

Referring  to  a  discourse  delivered  by  him  March  12,  1852,  "  On 
(he  Influence  of  Suggestion  in  modifying  mid  directing  Muscular  Move- 
ment independently  of  Volition,"  Dr.  Carpenter  reminded  his  audience 
that  the  doctrine  of  Idea-motor  action  therein  set  forth  had  been 
referred  to  by  Professor  Faraday  as  furnishing  an  ndotpinto  scientific 
rationale  of  the  phenomena  of  "  Table-turning''  and  "  Table-talking," 
whieh  developed  themselves  epidemically  soon  afterwards.  Whilst  the 
ordinary  phenomena  of  "  Table-talking"  present  a  most  curious  body  of 
illustrations  of  that  principle,  eases  have  occasionally  occurred  in  the 
experience  of  persons  above  suspicion  of  intentional  deception,  in  which 
the  answers  given  by  tho  movements  of  the  tables  were  not  only 
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a  doctrine  of  Reflex  action  from  the  Spinal  Cord  ti 
but  u  he  did  not  draw  a  distinction  between  tho  rcfli- 1  ueii.m  of  tho  .Sensory  Ganglia 
(l-eosori- motor)  and  that  of  tho  Cerebrum  (Ideo-nictof  .  "find  did  not  assert  that 
either  could  take  place  without  ronici-jiisnrit,  he  was  not  understood  at  the  time 
lo  affirm  this  position,  though  it  n[i|u-ars  from  his  nurM-oait-nt  statements  that  he 


trine  of  the  reflex  action  of  the  Sensory  Ganglia,  and  having  been  convinced  by 
Dr.  Laycork't  reasoning  that  it  might  ho  extended  to  the  Cerebrum,  wan  lod  hy  a 
eonakk-ratiou  of  the  anatomical  relations  of  Iho  Cerebrum  to  the  Sensory  Ganglia 


cotmd  era  lion  fit  the  anatomical  relatione  ot  the  Lerohrum  lo  ttie  ^entory  Ganglia 
to  believe  that  a  succession  of  changes  might  take  place  automatically  in  the 
former,  of  which  the  results  only  might  rise  to  consciousness ;  and  to  this  bind  of 
Ktiritv  be  gave  the  designation  nf  "  Unconscious  Cerehration." 
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unknown  to  tho  questioners,  hut  were  even  contrary  to  (heir  belief  at.  the 
time,  and  jet  afterwards  proved  to  be  true.  Such  cases  afford  typical 
examples  of  the  doctrine  of  "  Unconscious  Cerebration  ;"  for  in  several 
of  them  it  was  capable  of  being  distinctly  shown,  that  the  answers, 
although  contrary  to  tho  belief  of  the  questioners  at  the  timo,  were 
true  to  facts  of  which  they  had  been  formerly  cognisant  but  which 
had  vanished  from  their  recollection,— the  residua  of  these  forgotten 
impressions  giving  rife  to  Cerebral  changes  which  prompted  the  re- 
sponses, without  any  consciousness,  on  the  part  of  the  agents,  of  the 
latent  springs  of  their  actions. 

In  order,  however,  to  present  tin;  doctrine  in  its  proper  scientific 
aspect  by  giving  it  a  definite  physiological  basis,  Dr.  Carpenter  re- 
capitulated what  be  considered  to  be  the  fundamental  doctrine* 
relating  to  the  original  or  primary,  and  the  acquired  or  secondary 
Automatic  actions  of  tho  principal  divisions  uf  the  Corebro-Spinal 
centres.     These  may  he  distinguished  as, — 

1.  The  Spinal  Cord  (including  the  Medulla  Oblongata); 

2.  The  Seniors  Ganglia  ; 

3.  The  Cerebellum  ; 
i.  The  Cerebrum. 

Leaving  out  of  consideration  the  Cerebellum,  of  which  the  function 
has  not  yet  been  satisfactorily  determined,  and  firing  our  attention 
upon  the  other  centres,  wo  find  that  each  of  them,  in  addition  to  its 
original  or  primary  Automatic:  actions;,  comes  to  be  the  instrument  of  a 
sot  of  seeondiini  Aulomatie  actions,  which,  though  originally  prompted 
by  the  Will,  and  still  remaining  under  its  control,  are  habitually  per- 
formed without  any  Volitional  agency. 

Thus  the  priiiiitry  function  of  the  Spinal  Gird  as  an  independent 
centre  cousiste  in  the  performance  of  the  motions  of  Respiration  and 
Swallowing,  wliich  are  essential  to  tho  maintenance  of  life ;  and  in 
many  of  the  lower  animals  it  is  certain  that  the  ordinary  movements 
of  Locomotion  have  the  same  primary  Automatic  character.  In  Man, 
however,  the  power  of  performing  these  movements  ia  acquired  by  a 
process  of  education ;  yet  when  once  the  co-ordination  has  been 
established,  the  movements  are  performed  Automatically, — continuing 
when  act  going  by  one  act  of  the  Will,  until  they  are  checked  by 
another  act.  Of  this  we  have  daily  experience  in  the  continuance  of 
the  act  of  walking,  whilst  the  attention  is  closely  and  continuously 
occupied  upon  un  internal  train  of  thought ;  each  movement  suggesting 
tho  succeeding  one;  and  the  repetition  being  thus  indefinitely  pro- 
longed, until,  the  attention  being  recalled,  the  Automatic  impulse  is 
superseded  by  Volitional  control. 

The  p/rimiiry  Automatic  action  of  the  Sensory  Ganglia,  again, 
BCcmB  to  be  chiefly  connected  with  movements  of  prolerti/m  ;  as  in  the 
sneezing  produced  by  the  application  of  irrihnits  to  the  nasal  surface, 
or  the  closure  of  the  eyelids  at  a  flash  of  light.  But  thoir  teeondarily- 
Automatic  agency  mav  be  distinctly  traced  in  the  guidance  of 
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habitual  movements  of  locomotion,  performed  under  the  conditions 
previously  stated.  Thus  a  man  in  a  state  of  profound  abstraction 
walks  through  a  crowded  street,  without  jostling  his  fellow- passengers 
or  bruising  himself  against  lamp-posts;  and  he  follows  the  lino  of 
direction  which  is  must  familiar  to  him,  even  though  at  starting  he 
had  intended  to  kike  some  other. 

The  influence  of  habitude*  acquired  hy  experience,  which  toko  the 
place  in  Man  of  the  intuitive  capacities  of  the  lower  animals,  is  pecu- 
liarly well  seen  in  that  co-ordination  of  the  Visual  and  Tactile  per- 
ceptions, by  which  we  acquire  our  notions  of  the  forms  and  relations 
of  external  objects,  and  regulate  our  muscular  movements  in  accord- 
ance with  those  notions.  A  Bird  just  come  forth  from  the  egg  will 
peck  at  an  insect  with  perfect  aim  ;  but  an  Infant  is  long  in  learning 
to  grasp  at  a  bright  object  held  within  its  reach,  being  obviously 
unable  in  tho  first  instance  cither  to  estimate  its  distune  ft,  or  to  com- 
bine the  muscular  actions  needed  for  its  prehension.  And  the  obser- 
vation of  numerous  cases  in  which  ni^ht  has  l«  en  first  obtained  after 
tactile  familiarity  with  external  objects  had  turn  fully  acquired,  enables 
it  to  be  positively  affirmed  that  no  object  can  be  immediately  recog- 
nized by  sight  alone,  when  seen  for  the  first  time  under  such  circum- 
stances.* 

This  class  of  facts  is  of  great  importance  in  our  present  inquiry ; 
because  we  have  here  a  distinct  instance  of  the  formatkti  of  judgments 
en  the  ban*  of  an  acquired  e.r]n  rioter,  by  a  proce^  ■■?'  vhirh.  even  when  tea 
git*  our  attention  to  it.  we  ore  a/h-jether  unrcuwciotts.  Thus  when  we 
obtain  a  conception  of  solid  form  by  tho  mental  combination  of  two 
dissimilar  pictures  in  the  Stereoscope,  that  conception  neems  to  bo  so 
necessary  and  immediate,  that  its  formation  might  be  supposed  to  be 
the  result  of  an  oriyinal  intuition,  if  we  had  no  means  of  tracing  ont 
the  antecedent  stages  of  the  process,  and  of  thus  satisfying  ourselves 
that  it  is  tecondary  or  acquired.  Tho  facility  to  which  it  is  duo  may 
be  said  to  be  the  remiltnnl  of  our  whole  previous  training  in  this  direc- 
tion ;  which  not  merely  enables  us  to  recognize  the  forms  and  relations 
of  objects  of  which  we  have  some  antecedent  knowledge,  so  that  they 
are  in  some  degree  suggest**!  by  the  single  picture,  but  also  to  create 
(bo  to  speak)  forms  and  relations  of  which  the  Singh)  picture  gives  ns 
no  adequate  idea.  The  Physiologist  can  scarcely  doubt,  that  as  the 
Nervous  system,  like  every  other  part  of  the  organism,  grew*  to  the 
mode  in  which  it  is  habitually  exercised,  a  direct  channel  of  instru- 
mental action  hero  comes  to  take  the  place  of  the  circuit  through  which 
tho  process  was  originally  performed  ;  so  that  the  acquired  intuition  of 
Man,  in  regard  to  the  forms  and  relations  of  external  objects,  comes  to 

•  Thus,  in  a  ease  pnfalUksd  about  threw  nan  ago  by  Mr.  Orttehstt,  of  a  yonng 
woman  who  flrat  ohtninL«)  si^lit  nl  tho  upc  of  iiim ta-n.  it  \»  recorded  that  when  u 
pair  of  nciBsoTB  wi-  flrat  hi'hi  before  her,  tilthuiigh  nho  correctly  described  their 
ehopo  aud  metallic  lustre,  ahc  hn<l  nut  the  least  id™  of  their  identity  with  the 
implement  she  lied  been  ncciwtomed  to  handle  j  but  when  told  what  it  was,  laughed 
at  whal  aho  rolled  her  own  stupidity. 
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be  as  certain  and  direct  as  the  ertjpMl  int»iii<'n  of  the  lower  animals, 
whilst  probably  for  exceeding  it  in  completeness  and  range. 

The  relation  of  the  Cerebrum,  or  Drain  proper,  to  the  Spinal  Cord 
and  Sensory  Ganglia,  can  only  be  properly  studied  by  the  light  of 
Comparative  Anatomy ;  and  from  this  wo  learn  that  instead  of  being 
(as  was  formerly  supposed)  the  centre  of  the  whole  system,  in  direct 
connection  with  the  organs  of  sense  and  with  the  muscular  apparatus, 
it  is  a  superadded  organ,  the  development  of  which  seems  to  bear  * 
pretty  constant  relation  to  the  degree  in  which  Intelligence  supersedes 
Instinct  as  a  spring  of  action.  The  ganglionic  matter  which  is  spread 
out  upon  the  surface  of  tho  Hemispheres,  and  in  which  their  poten- 
tiality resides,  is  connected  with  the  Sensory  Tract  at  their  base  (which 
is  the  real  centre  of  convergence  for  the  sensory  nerves  of  tho  whole 
body)  by  Commissural  fibres,  long  since  termed  by  Iteil,  with  sagacious 
foresight,  "  nerves  of  tho  internal  senses ;"  and  its  anatomical  relation 
to  the  Sensorium  is  thus  precisely  the  same  as  that  of  tho  Retina,  which 
is  n  ganglionic  expansion  connected  with  the  Seusoriuni  by  the  Optio 
nerve.  Hence  it  may  fairly  bo  surmised  (1)  that,  as  we  only  become 
conscious  of  visual  impressions  on  the  Retina  when  their  influence  has 
been  transmitted  to  tho  central  Sensorium,  so  wo  only  become  con- 
scious of  ideational  changes  in  the  Cerebral  Hemispheres  when  their 
influence  has  been  transmitted  to  the  same  centre  ;  and  (2)  that,  as  visual 
changes  may  take  place  in  tho  Retina  of  which  we  are  unconscious, 
either  through  a  temporary  inactivity  of  the  Sensorium  (as  in  sleep), 
or  through  the  entire  occupation  of  the  attention  in  some  other  direc- 
tion, so  may  ideational  changes  take  place  in  the  Cerebrum,  of  which 
we  may  be  at  the  time  no  conscious  for  want  of  receptivity  on  the  part 
of  the  Sensorium,  but  of  which  the  results  may  at  a  subsequent  tinw 
present  themselves  to  tho  consciousness  as  Ideas  elaborated  by  an 
automatic  process  of  which  we  have  no  cognizance. 

That  the  Cerebrum,  like  the  nervous  centres  on  which  it  is  super* 
imposed,  has  an  Automatic  activity  of  its  own,  cannot  be  doubted  by 
those  who  have  attended  to  the  phenomena  of  Somnambulism  (whether 
natural  or  induced),  in  which  the  directing  and  controlling  pawer  of 
the  Will  seems  completely  suspended,  and  the  trains  of  thought  follow 
tho  lend  either  of  some  dominant  ideii  or  of  nflceation  from  without 
There  aro  woll-autheuf icated  cases  in  which  such  automatic  action  has 
not  only  evolved  results  that  wore  perfect  in  themselves,  but  has 
wrought  these  out  through  u  shorter  and  more  direct  process  than  had 
been  conceived  possible  in  the  waking  state  ;  the  withdrawal  of  all 
distracting  influences  appearing  to  favour  that  undisturbed  action  of 
the  mental  mechanism  (if  such  a  phrase  he  i^rmissible),  which  is  the 
condition  most  fitvoui-ablc  to  the  success  of  the  operation.  But  in  all 
such  instances  the  Automatic  action  follows  tho  course  of  the  habitual 
lines   of   thought,   and   expresses  the   result   of   the   whole    previous 

L  training  and  discipline  of  the  mind,  which  bus  been  carried  on  under 
Volitional  direction.  Tie  Lawyer  could  not  thus  bavo  written  in  hi* 
sleep  a  lucid  opinion,  unravelling  the  perplexities  of  a  complicated 
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case,  if  he  hail  not  assiduously  cultivated  the  intellectual  habit  by 
which  it  was  elaborated  ;  nor  conld  the  Mathematician,  in  the  mine 
state,  have  not  merely  executed  with  perfect  correctness  a  lengthened 
computation,  which  had  baffled  him  in  the  waking  state,  bnt  found 
out  a  much  more  direct  means  of  attaining  the  result,  if  his  previous 
training  had  not  been  of  a  kind  to  develop  this  self-acting  power. 

With  such  evidence  that  the  Cerebrum  may  work  automatically,  it 
may  further  be  regarded  as  Physiologically  probable  (on  the  grounds 
already  stated)  that  such  automatic  action  may  tako  place  uncon- 
sciously;  and  facts  which  are  within  tho  esjwrienco  of  every  one  seem 
to  justify  this  conclusion.  Thus,  when  we  have  been  trying  to  recol- 
lect some  name,  phrase,  or  occurrence,  and,  after  vainly  employing 
all  the  expedients  we  can  think  of  for  bringing  the  desiderated  idea  to 
our  minds,  have  abandoned  the  attempt  as  useless,  it  will  often  occur 
spontaneously  a  little  while  afterwards,  suddenly  flashing  (as  it  were) 
before  oar  consciousness ;  and  this  although  the  mind  lias  been  com- 
pletely engrossed  at  the  time  by  aunc  entirely  different  train  of  thought, 
so  that  no  link  of  association  can  bo  detected  whereby  the  result  has  been 
knowingly  apprehended.  Now  in  these  eases  it  seems  probable  that 
the  train  of  action  wo  have  purposely  set  going  in  the  first  instance  has 
continued  in  movement  when  we  havo  withdrawn  our  attention  from 
it,  and  goes  on  all  the  more  regularly  in  consequence  of  that  with- 
drawal ;  for  experience  shows  that  we  are  much  more  likely  to  recover 
the  forgotten  idea  when  we  cease  to  trouble  ourselves  about  it,  than 
when  wo  go  en  searching  for  it, — just  as  a  rider  who  has  lost  himself 
in  some  unknown  region  is  more  likely  to  find  his  way  home  by 
dropping  the  reins  on  his  horse's  neck,  and  letting  him  take  his  own 
course,  than  by  wearying  him  in  trying  ono  road  after  another. 

The  same  mode  of  action  seems  to  have  a  large  share  in  the  pro- 
cess of  Invention,  whether  artistic,  poetical,  or  mechanical  :  for  numer- 
ous instances  might  bo  cited,  in  which,  the  object  to  be  attained  having 
been  kept  before  the  mind  for  some  time  without  any  immediate  result, 
that  result  has  suddenly  presented  itself  either  on  first  awaking  out  of 
sleep,  or  in  the  midst  of  some  entirely  different  occupation.  And  it  is 
■  common  experience  of  inventors  (whether  Artists,  Poets,  or  Mecha- 
nicians) that  whan  they  have  been  brought  to  a  stand  by  some  difficulty, 
the  tangle  will  be  moro  likely  to  unravel  itself  (so  to  speak)  if  the 
attention  be  completely  withdrawn  from  it,  than  by  any  amount  of  con- 
tinued effort. 

The  same  appears  to  be  true  of  those  acts  of  Judgment  in  which 
ft  great  many  opposing  considerations  arc  involved,  and  in  which  we 
take  time  to  form  our  conclusion.  As  was  well  aoid  by  Abraham 
Tucker1  of  this  class  of  cases,  "  with  all  our  care  to  digest  our  mate- 
rials, we  cannot  do  it  completely  ;  but  after  a  night's  rest,  or  some 
recreation,  or  the  mind  being  turned  into  some  different  course  of 
thinking,  lAe  find*  they  have  ranged  themselves  anew  during  ker  absence, 
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and  in  such  manner  aa  exhibits  almost  at  ono  view  all  their  mutual 
relations,  dependences,  tuid  consequences — which  shows  that  enr  organs 
do  not  stand  idle  the  moment  we  cease  to  employ  them,  but  continue 
the  motions  we  put  into  thorn  after  they  have  gone  out  of  sight, 
thereby  working  themselves  to  a  glibness  and  smoothness,  and  falling 
into  a  more  rrij'dm-  and  oriicrli/  jifxtum  titan  rre  could  luu-e  placed  them 
ittlh  all  our  gkill  and  industry."  Experience  shows  that  the  soundest 
judgments  of  tbo  well -disciplined  mind  are  thus  formed  ;  all  the  con- 
siderations which  ought  to  be  taken  into  account  being  first  duly 
bronght  before  it,  and  then  loft  free  to  arrange  thujiisclvi  s  by  fixing  the 
attention  on  some  other  oecupiitkni :  and  if  time  be  given  for  this 
unconscious  balancing,  we  find,  when  we  return  to  tho  subject,  that 
the  direction  in  which  our  minds  gravitate  is  a  surer  guide  than  any 
estimate  wo  might  have  formed  under  volitional  pressure. 

This  Unconscious  action  of  the  Brain,  however,  is  often  exerted  iu 
giving  a  bias  to  our  judgments,  of  which  we  may  be  entirely  unaware 
Almost  every  ono  is  thus  influenced  more  or  less  by  the  habits  of 
thought  and  fooling  early  impressed  upon  him  ;  aud  the  judgment  is 
especially  liable  to  ]»■  wurped  by  these,  when  the  ordinary  vigonr  of 
tho  mind  is  depressed  by  physical  or  moral  causes.  This  kind  of 
perversion  may  be  so  decided  in  its  evil  effects,  as  to  lend  to  a  suspicion 
of  a  want  of  honesty  or  candour,  which  may  be  totally  unfounded ;  tho 
real  source  of  it  lying  bid  deep  down  in  that  stratum  of  the  mental 
constitution,  which  represents  the  results  of  those  early  influences  for 
which  tho  individual  himself  is  nut  responsible  Thus,  as  Mr.  Lecky 
baa  shown,  the  doctrine  of  Unconscious  Ccri-tinitioii  intubates  tolerulton 
for  differences  not  merely  of  belief,  but  of  tbo  moral  standard. 

One  of  the  most  iVequcn  fly-recurring  firms  of  Unconscious  Cerebral 
action,  is  Unit  by  which  wbut  we  cull  '■  Common  Sense"  decides  for  us 
iii  a  great  variety  of  eases,  in  which  we  do  not  think  it  worth-while  to 
submit  the  question  to  a  logical  discussion.  Now  this  "common 
sense  "  is,  so  to  speak,  an  acquired  inhiitiun  ;  lieing  tho  rtnmltawt  of  the 
whole  previous  activity  of  the  Mind,  oonj<  unity  with  that  of  the  Brain 
which  is  its  instrument.  Its  value  will  consequently  depend  upon  tho 
nature  of  tho  training  and  discipline  which  the  Intellectual  powers 
have  received :  and  it  may  be  affirmed  without  hesitation,  that  where 
those  powers  have  been  originally  good,  and  have  been  thoroughly 
well  cultivated  and  exercised,  the  "  coniniou-senso  "  judgment  is  likely 
to  be  even  superior  to  that  which  may  be  worked  out  by  an  elaborate 
process  of  reasoning,  wherein  some  more  acute  reasoner  will  almost 
always  bo  able  to  find  some  flaw.  Thus  the  "common-sense"  decision 
of  mankind  in  regard  to  tho  existence  of  an  External  World,  is  prac- 
tically worth  mora  than  all  tho  arguments  of  all  the  Logicians  who 
have  discussed  tho  basis  of  our  belief  in-  it. 

If,  then,  it  bo  true  that  every  form  of  Intuition,  whether  oriaiaal 
r  acipilral,  is  referable  to  tho  over-flowing  under-current,  which 
c  designated  as  "  Unconscious  Cerebration  "  or  "  Precouacious 
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vity  of  the  Soul,"  according  as  wo  use  the  terms  of  Physiology  or  of 
Metaphysics,  the  question  naturally  arises  what  power  we  have  of 
directing  and  controlling  its  course,  of  strengthening  or  repressing  its 
power. 

We  have  not  that  direct  mastery  over  it,  which  wo  can  gain  by  a 
determined  exercise  of  the  Will  over  our  conscious  activity.  We  cannot 
acguire,  if  we  have  it  not  in  our  original  constitution,  the  creative 
power  of  genius,  so  as  to  make  oargdees  great  Poets,  Artists,  or 
Musicians  ;  nor  can  we  gain  by  practice  that  peculiar  intiglit  which 
characterizes  the  Scientific  discoverer  of  the  highest  class,  or  that 
ingennity  which  distinguishes  the  great  Mechanical  inventor ;  for  those 
gifts  are  of  the  nature  of  instincts,  which  may  bo  developed  and 
strengthened  by  appropriate  cultivation,  hut  which  no  culture  will  of 
itself  produce,  any  more  than  it  can  raiso  a  crop  of  corn  where  there 
has  been  no  seed. 

Still  where  we  cannot  create,  we  may  learn  to  admire  the  Beautiful, 
to  recognize  the  True,  and  to  value  the  Good ;  and  this  power  of 
appreciation  grows  and  intensities,  in  proportion  as  it  is  exercised 
aright.  The  more  we  fix  our  attention  on  the  highest  ideals  of  Art, 
and  withdraw  ourselves  from  the  influence  of  those  lower  forms  of  it 
which  in  any  way  eonm  el  themselves  with  the  grosser  parts  of  our 
nature,  the  more  thorough  will  be  our  intuitive  appreciation  of  what 
is  noble  and  elevating,  the  more  thorough  our  intuitive  distaste  for 
all  that  is  mean  and  degrading.  And  so  in  the  pursuit  of  Truth,  the 
more  faithfully,  strictly,  and  perseveringly  we  aim  to  disentangle 
ourselves  from  all  selfish  aims,  all  conscious  prejudices,  the  more 
shall  we  find  ourselves  becoming  progressively  emancipated  from 
those  unconscious  prejudices  which  cling  around  ua  as  results  of 
early  misdirection  and  erroneous  habits  of  thought,  and  which  are 
more  dangerous  to  our  consistency  Ihan  those  n^niust  which  we  kiitur- 
inijlff  put  ourselves  upon  our  guard.  And  so  in  those  judgments  in 
regard  to  ourselves  or  others  for  which  we  arc  all  daily  appealing  to 
the  guidance  of  Common  Sense,  the  safety  of  that  guidance  will  depend 
upon  the  degreo  in  which  we  have  habitually  aimed  to  cultivate  our 
power  of  reasoning  correctly,  to  try  every  question  by  first  principles 
rather  than  by  the  dictates  of  a  supposed  temporary  expediency,  and 
above  all  "  to  be  just  and  fear  not."  And  every  course  of  self-dis- 
cipline thus  steadily  and  honestly  pnxsned,  tends  not  merely  to  clear 
the  mental  vision  of  the  Indindtml,  hut  to  ennoble  the  Race;  by  de- 
veloping that  power  of  immediate  inttit/ht,  which,  in  Han's  highest 
Shase  of  existence,  will  not  only  supersede  the  laborious  operations  of 
is  Intellect,  but  will  reveal  to  him  truths  and  glories  of  the  Unseen, 
which  the  intellect  alone  can  see  but  "  as  through  a  glass,  darkly." 
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Edward  Fhankland,  Ph.D.  F.R.8. 


On  the  yrojiwd  W<iU:r  Supply  for  the  Metropolis. 

Out  of  every  fill  mini  ill  peojde  existing  upon  this  planet  at  the  present 
momont,  three  live  in  London.  Any  matter,  therefore,  which  inti- 
mately concerns  the  health  and  comfort  of  this  vast  mass  of  humanity, 
cannot  but  merit  earnest  attention  ;  and,  moreover,  if  that  matter  be 
connected  with  scientific  research,  I  feel  sure  that  the  members  of  this 
Institution  will  require  no  apology  even  for  its  being  brought  under 
their  notice  a  second  time. 

A  year  ago,  I  discoursed  to  you  about  the  chemical  considerations 
respecting  the  present  Metropolitan  Water  Supply,  and  I  mentioned 
the  five  schemes  then  proposed  to  remedy  its  obvious  and  serious 
defects — eicessivo  contamination  with  sewage,  and  great  hardness — 
the  first  rendering  it  unfit  for  drinking,  and  the  second  disqualifying 
it  to  a  certain  extent  for  mflUng  mid  cleansing  purposes.  Those 
schemes  to  which  I  alluded  on  the  last  occasion  wore  the  following. 
Fir»l,  the  sources  of  (lie  Seven],  proposed  by  Mr,  Tkteman  ;  aeeond,  the 
Cumberland  Lakes,  proposed  by  Messrs.  Hemans  and  Hassard  ;  third, 
'the  Thames  water  filtered  trivnti^ii  (In;  Diigshot  sands,  suggested  by 
Mr.  Tolford  Miicueill:/'"r/fr,  evd  nsive  reservoirs  constructed  near  the 
Bonrees  of  the  Thames,  tho  scheme  of  Mr.  Daily  Denton ;  and  fifth,  the 
waters  flowing  down  the  slopes  of  the  Derbyshire  and  Staffordshire 
hills,  proposed  to  be  brought  to  tho  metrojiolis  by  Mr.  Remington. 

At  that  time  the  quality  of  the  waters  obtainable  by  any  of  these 
schemes  had  been  but  little  investigated,  and  that  remark  still  applies 
to  tho  last  three  Bchemes.  But  in  the  interval,  the  water  yielded  by 
the  two  first-named  districts  has  been,  at  the  instance  of  the  Royal 
Commission  on  Water  Supply,  submitted  to  a  searching  chemical 
investigation  by  Dr.  Udling  and  myself,  and  I  am  therefore  enabled 
on  the  present  occasion  to  speak  with  confidence  as  to  tho  quality  of 
the  water  from  both  these  districts. 
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There  are  also  one  or  two  points  of  general  scientific  interest  which 
have  been  brought  to  light  during  this  inquiry,  and  which  I  also  pro- 
pose to  touch  upon : — these  are,  first,  the  curious  effect  of  detritus  from 
mines  upon  the  quality  of  the  water  with  which  it  is  mixed ;  and 
secondly,  the  conditions  which  determine  the  action  or  non-oction  of 
water  npon  lead. 

During  the  past  year  the  processes  of  water  analysis  have  under- 
gone a  complete  revolution.  It  is  one  of  my  duties  to  report  monthly 
to  the  Registrar- General  upon  the  quality  of  the  metropolitan  waters, 
and  in  carrying  out  this  work  I  found  tho  methods  of  water  analysis 
hitherto  employed  so  untrustworthy  as  to  render  an  almost  entire 
remodelling  of  them  absolutely  necessary. 

I  propose,  therefore,  first  to  glance  shortly  at  some  of  tho  inno- 
vations which  have  been  made  in  this  branch  of  chemical  analysis. 
When  water  is  to  be  submitted  to  chemical  examination,  it  is  of  the 
utmost  importance  to  have  a  sufficient  and  well-collected  sample.  On 
this  occasion  the  completeness  of  tho  investigation,  as  regards  tho  two 
proposed  schemes,  has  been  very  materially  assisted  by  tho  judicious 
choice  of  samples  supplied  hy  Dr.  Pole.  F.K.S.,  who  went  down  to  the 
districts  and  collected  the  samples  which  were  afterwards  submitted  to 
chemical  analysis  by  my  colleague  and  myself. 

The  first  thing  to  be  determined  in  a  water  analysis  is  the  "  total 
•olid  impurity,"  as  it  is  termed,  i.e.  tho  total  amount  of  solid  matter 
with  which  the  water  has  been  contaminated  since  it  was  submitted  to 
tho  natural  process  of  distillation.  This  quantity  of  solid  impurity  is 
determined  by  taking  a  known  volume  of  the  water  and  evaporating 
it  down  to  dryness  in  a  previously  weighed  platinum  vessel.  The 
solid  impurity  contains  both  organic  matter  and  inorganic  or  mineral 
matter.  The  most  important  of  these  two  classes  of  substances 
contained  in  iho  solid  residue  is  undoubtedly  the  organic  matter. 
Now,  even  at  the  present  moment,  tho  actual  weight  of  this  organic 
matter  cannot  he  determined  by  chemical  analysis;  in  fact  there  is  no 
process  known  to  science  hy  which  its  weight  can  be  even  approxi- 
mately estimated ;  but  it  is  possible  to  determine,  in  a  given  bulk  of 
water,  the  quantity  of  tho  two  principal  constituents  of  this  organic 
matter,  ciz.  the  carbon  and  nitrogen  which  enter  into  its  composition. 
For  this  purpose  a  separate  quantity  of  tho  water  is  evaporated  down 
to  dryness;  but  in  this  case  the  process  is  conducted  in  a  glass  vessel, 
and  before  evaporation  the  water  is  mixed  with  sulphurous  acid  in 
order  to  expel  the  carbonic  acid,  which  is  partly  dissolved  in  the 
water  and  partly  combined  with  lime  and  magnesia.  Other  precau- 
tions also  have  to  be  taken,  but  I  hesitate  to  enter  into  the  details, 
which  I  fear  would  only  weary  you.  However,  I  think  that  it  is 
desirable  just  to  show  you  the  general  plans  on  which  tho  determina- 
tion of  the  organic  carbon  and  nitrogen,  in  the  residue  thus  obtained 
by  evaporation  in  the  glass  dish,  is  effected.  The  operation  is 
performed  in  the  following  manner: — The  contents  of  the  glass 
vuwttil  arc  very  carefully  scraped  out  and  rubbed  off  tho  sides  of 


348  Profestor  Frankland  [April  3, 

the  vessel  by  a  substance  known  as  chromate  of  lead,  a  finely  pow- 
dered somewhat  gritty  material,  which  very  completely  effects  this 
object,  and  enables  its  to  transfer  the  water  residue  gradually  into  a 
pieco  of  hard  Bohemian  glass  tube  closed  at  one  end.  This  tube  is 
then  filled  up  to  within  about  four  inches  of  the  mouth  with  coarsely 
granulated  oxide  of  copper,  and  upon  that  is  placed  a  small  quantity 
of  bright  metallic  copper  to  decompose  oiidized  compounds  of  nitro- 
gen, Tho  tube  is  then  laid  in  a  gas  furnace,  colled  "the  com- 
bustion furnace."     Before  combustion  commences  the  entire  tube  is 

made  perfectly  vac is,  all  the  air  is  pumped  out  of  it,  so  as  to  get 

rid  of  tho  atmospheric  nitrogen  which  would  vitiate  our  result.  This 
is  done  by  means  of  a  mercurial  pump  invented  by  Dr.  Sprengel, 
by  means  of  which  we  can  extract  almost  tho  lost  trace  of  atmo- 
spheric air  contained  in  the  tube.  The  latter  is  then  gradually  heated 
to  redness,  during  which  process  the  carbon  and  nitrogen  of  the 
organic  matter  in  the  water  residue  are  converted,  the  first  into  car- 
bonic acid  gas,  and  the  second  into  nitrogen  and  nitric  oxide  gases. 
From  tho  volume  of  ncli  of  these  !_m~. ,-s  the  weights  of  carbon  and 
nitrogen  -can  be  calculated  with  great  precision.  (Experiment  per- 
formed.) 

Now  the  nitrogen  in  the  result  of  the  analysis  is  also  derived  from 
any  ammonia  present  in  the  water,  and  it  is  therefore  necessary  to 
determine  how  m lie ii  is  due  t<>  that  source.  This  estimation  of  ammonia 
is  perhaps  the  only  rnpiil  md  enty  process  connected  with  water  analysis 
which  may  at  tho  same  time  ho  regarded  as  satisfactory.  For  these 
simple  processes  of  analysis  when  they  come  to  bo  rigorously  tested 
generally  prove  to  be  very  incorrect ;  but  this  has  survived  the  test  of 
experience,  and  is  capablo  of  determining  the  result  with  great  pre- 
cision and  readiness.  I  have  hero  five  glass  cylinders.  The  water  in 
tho  first  contains  no  ammonia  at  all ;  tho  second  contains  a  certain 
small  quantity;  the  third  twice  as  much  as  the  second ;  the  fourth 
three  times  aa  much,  and  the  fifth  four  times  as  much  as  the  second. 
To  each  of  these  vessels  I  shall  now  add  an  equal  volume  of  a  test 
solution,  which  strikes  a  peculiar  yellow  or  orange-yellow  colour  with 
tho  ammonia  in  the  vessels.  This  is  known  as  the  Nessler  test,  having 
been  invented  by  a  German  chemist  of  that  name.  (Tho  experiment 
was  performed,  the  water  in  the  four  last  vessels  assuming  different 
shades  of  oraugo  colour,  in  proportion  to  tho  quantity  of  ammonia  con- 
tained in  them  ;  the  water  in  tho  first  vessel  remaining  colourless.) 

Now  we  have  still  one  other  process  at  which  it  is  necessary  to 
glance  for  a  moment,  viz, — the  process  for  determining  the  nitrogen 
existing  as  nitrates  and  nitrites.  It  is  called  combined  nitrogen,  but 
it  is  not  organic  nitrogen,  although  it  has  in  most  cases  been  derived 
from  organic  matter.  The  water  residue  used  for  tho  determination 
of  the  amount  of  solid  impurity  is  dissolved  in  a  small  quantity  of 
water;  sulphate  of  silver  is  then  added,  by  which  tho  chlorides  aro 
converted  into  sulphates.  Tho  resulting  liquid  after  filtration  is  trans- 
ferred to  the  upper  part  of  a  glass  tube  filled  with  mercury,    it  requires 
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to  be  mixed  with  rather  more  than  its  own  weight  of  sulphuric  acid, 
which  is  introduced  in  the  same  way.  It  is  then  only  necessary  to 
shako  up  this  mixture,  the  mouth  of  the  tube  being  closed  with  the 
thumb.  Very  soon  the  mercury  begins  to  net  on  tho  nitric  acid,  eon- 
verting  it  into  a  colourless  permanent  gas  called  nitric  oxide,  which 
only  requires  to  be  measured  in  order  to  iliitoi  iiiilm  the  amount  of  nitro- 
gen originally  present  in  the  water  in  the  shape  of  nitrites  and  nitrates. 

There  is  only  one  other  deternn nation  I  will  trouble  you  with,  and 
this  I  do  principally  for  the  purpose  of  introducing  to  your  notice  a 
very  ingenious  piece  of  apparatus,  mi  applied  ion  of  tin;  Sprengcl  pump, 
which  has  just  been  contrived  by  my  assistant,  Mr.  McLeod.  It  is 
designed  to  extract  the  gusos  which  are  dissolved  in  waters.  By  this 
instrument  we  can  not  only  measure  tLe  whole  of  the  gases  present 
in  the  water,  but  we  can  determine  how  much  of  the  gases  can  bo 
expelled  at  the  ordinary  temperature,  and  how  much  more  will  come 
off  wheu  you  boil  tho  water  in  caow.  This  gas  is  then  submitted  to 
the  usual  oudiometrical  investigation,  to  ascertain  tho  quantity  of 
carbonic  acid,  nitrogen,  and  oxygen,— the  three  gases  which  almost 
invariably  occur  in  tho  waters  submitted  to  analysis.  (Apparatus 
shown  at  work). 

Now  it  is  not  necessary  for  me  on  the  present  occasion  to  goat  all 
into  the  details  as  regards  the  sources  of  tho  two  proposed  water 
supplies  for  London.  This  I  did  on  the  former  occasion  pretty  fully. 
I  will  only  refer  you  for  a  moment  to  tho  largo  map  before  you,  which 
shows  the  districts  from  which  the  supplies  would  be  taken  and  tho 
course  of  the  conduits  to  the  metropolis.  By  the  Welsh  scheme,  tho 
water  would  be  collected  tin  the  slopes  of  Cadur  Idrisand  Plynlimnion, 
from  whence  it  would  be  brought  by  a  conduit  to  within  ten  miles  of 
London,  where  it  would  be  stored  in  reservoirs  400  foet  above  high- 
water  mark.  The  other  scheme  proposes  to  bring  the  water  from  tho 
lakes  of  Cumberland,  post  several  large  towns,  hiving  uudor  contri- 
bution the  Bala  Lake,  in  Wales,  if  necessary,  and  the  combined  waters 
would  then  be  brought  to  the  metropolis  after  distributing  a  certain 
amount  to  the  large  towns  on  their  route. 

It  is,  perhaps,  necessary  just  to  say  a  word  or  two  in  order  to 
disabuse  your  minds  of  the  idea  that  these  schemes  arc  intended  to 
inflict  any  injury  upon  tin:  present  water  companies.  Ample  provision 
is  made  in  these  schemes  for  tho  complete  compensation  of  the  existing 
companies,  and  the  only  conceivable  mischief  in  this  respect  which 
can  be  done  by  the  Adoption  of  one  scheme  or  the  other,  would  be 
the  abolition  of  certain  Boards  of  Directors  which  now  exist,  for  the 
administration  of  the  affairs  of  tin:  eight  or  nine  companies  which 
supply  London. 

These  schemes  are  of  course  very  costly.  It  quite  staggers  ono 
at  first  to  think  of  tho  amount  it  is  proposed  to  expend  upon  them. 
Thus,  Mr.  Bateman's  scheme,  which  is  to  bring  water  from  the  moun- 
tains of  North  Walos,  is  calculated  to  cost,  for  a  supply  of  220,000,000 
gallons  per  day,  the  sum  of  10,850,0007.  :   whilst  the  scheme  for  bring- 
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ing  water  from  tho  lakes  of  Cumberland  is  put  down,  for  250,000,000 
gallons  a-day,  at  13,500,000/.  Now  these  are  startling  figures  ;  but 
I  imagine  that  all  we  have  to  look  at  is  the  pimple  <ju<.*t  ion,  IIow  much 
shall  we  have  to  pay  for  the  water  when  these  schemes  are  carried  out  ? 
If  you  go  into  that  matter  you  will  tind,  according  to  the  calcula- 
tions of  the  engineers — 1  will  not  say  they  are  always  to  be  implicitly 
relied  upon,  perhaps  a  certain  percentage  must  be  allowed — but 
taking  their  calculations  as  correct,  it  actually  follows  that  after  com- 
pensating tho  existing  companies,  and  after  expending  this  enormous 
amount  upon  tho  works,  we  shall  bo  supplied  with  this  very  pure 
water  at  a  less  cost  than  that  which  we  pay  at  the  present  moment. 
We  pay  at  present  about  Is.  5<J.  in  the  pound  of  rent  for  water.  By 
Mr.  Bateman's  scheme  wo  should  be  charged  it  domestic  rate  of  lOrf. 
in  the  pound,  or  two-thirds  of  what  wo  now  pay,  ji/iw  a  public  rate 
of  2d.  Messrs.  Hassard  and  Hemans'  scheme  would  bo  met  by  a 
domestic  rate  of  Is.  Id.  in  the  pound.  Now  I  think,  if  we  are 
actually  to  ho  gainers  by  this  transaction,  the  enormous  sums  n 
sary  to  bo  expanded  men  these  works  need  not  frighten  us,  and 
not  prevent  us  from  taking  them  into  our  serious  consideration. 

Let  ub  just  pauso  for  a  moment  to  consider  the  purely  -mechanic  ill 
relations  of  the  proposed  to  the  present  metropolitan  supply,  because 
this  will  somewhat  help  you  to  comprehend  how  it  is  that,  having 
expended  all  this  mouey  upon  the  works,  wo  shall  still  have  water 
cheaper.  In  the  first  placo,  every  gallon  of  water  which  is  now  de- 
livered in  London  has  to  be  pumped  up  from  nearly  the  sea  level,  to 
an  average  height  of  about  250  feet.  Then,  ugaiu.  the  present  supply 
is  intermittent ;  the  proposed  will  be  constant.  With  regard  to  the 
pumping  part  of  tho  process,  that  in  the  proposed  scheme  would  be 
replaced  by  the  work  of  gravitation.  The  gigantic  and  magnificent 
engines  employ  oil  at  the  present  moment  in  London  for  raising  this 
vast  volume  of  water — 100,000,000  gallons  daily — are  painful  for  the 
philosopher  to  contemplate.  You  have  here  a  stupendous  waste  of 
power  employed  in  doing  over  again  an  amount  of  work  which  was 
previously  executed  for  us  gratuitously.  The  sun,  in  his  prodigality 
of  power,  flings  up  far  above  the  cross  of  St.  Paul's  this  daily  supply 
of  100,000,000  gallons,  and  wo,  in  our  imbecility,  allow  it  to  soil 
itself  by  flowing  down  again  nearly  to  the  level  of  the  sea,  and  then 
we  erect  immense  pumping  engines  and  expend  200  tons  of  coal  daily 
to  raiso  this  water  a  fraction  of  tho  height  from  which  we  hod  pre- 
viously allowed  it  to  fall.     All  this  will  bo  saved  by  tho  proposed 
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We  talk  of  the  exhaustion  of  our  coal  fields  and  of  the  necessity  of 
conserving  our  supply  as  much  as  possible,  and  although  the  amount 
thus  saved  would  make  but  a  poor  figure  in  Mr.  Jevons's  100,000,000 
tons  a  year,  yet  this  is  a  kind  of  work  which  can  bo  done  better  by 
solar  heat  than  by  the  action  of  coal ;  and  it  is  not  very  often  that 
we  are  thus  able  to  substitute,  with  advantage,  natural  for  artificial 
force. 
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Now  with  regard  to  the  quality  of  these  watore  which  it  is  proposed 
to  bring  to  London,  yon  have  in  the  following  Tables  a  comparative 
statement,  showing  the  results  obtained  by  the  analysis  of  the  pro- 
posed Welsh  and  Cumberland  waters,  and  of  the  present  metropolitan 
water  supply : — 

Table  A. — Results  0/ Analysis  of  Welsh,  Cumberland,  and  London 

Waters. 
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The  quantity  of  the  solid  impurity  contained  in  a  water  is  a  Tory 
important  matter,  apart  from  the  consideration  of  the  quality  of  the 
substancos  which  compose  this  impurity.  Waters  leaving  a  small 
amount  of  residue  npun  evaporation  are  usually  well  fitted  for  domestic 
uso.  They  arc  invariably  the  host  for  manufacturing  purposes,  as  they 
effect  a  great  saving  in  heat  when  used  for  steam  boilers.  I  was 
shown  tho  other  day  some  cakes  of  carbonate  of  lime,  a  quarter  of  an 
inch  thick,  which  bad  been  removed  from  a  locomotive  boiler  at  tbe 
Deptford  Railway  Station,  in  which  they  hail  been  formed  in  forty- 
eight  hours;  through  this  substance  heat  passes  with  extreme  slow- 
ness, so  that  a  considerable  quantity  of  fuel  is  wasted.  It  will  bo 
seen  from  the  first  of  tho  above  tables  that,  on  an  average  of  all  the 
samples,  the  total  solid  impurities  amount  in  the  two  schemes  te 
about  l-7th  of  those  in  the  present  water  supply  ;  but  if  we  might 
venture  to  take  tho  water  in  tbe  proposed  largo  storage  reservoirs  as 
equal  in  this  respect  to  the  water  now  stored  in  the  lakes,  it  would 
bo  about  l-10th  of  that  which  is  fouud  in  London  waters. 

Now  this  solid  residue  is  partly  mineral  and  partly  organic.  Let 
us  glance  first  at  the  organic  portion.  This  organic  matter  present  in 
the  original  water  may  bo  either  living  or  dead.  The  detection  of  the 
former  class  uf  iiii[iiiriti<  s  belongs  mure  to  the  province  of  the  naturalist 
than  to  that  of  the  chemist ;  but  it  may  bo  remarked  in  passing,  that 
this  form  of  organic  impurity  must  necessarily  be  in  suspension  and 
not  in  solution.  We  cannot  conceive  of  organized  beings  existing  in 
solution — it  is  impossible.  But  it  does  not  from  this  follow  that 
these  suspended  matters  can  be  removed  from  water  by  nitration. 

It  is  well  known  that  the  ova  of  many  species  id  auinialcuhe  can- 
not bo  removed  thus,  they  pass  through  tho  best  filters;  and  it  has 
also  boen  proved  that  what  is  believed  to  be  tbo  cholera  poison  passes 
throngh  filters,  and  cannot  be  arrested.  This  is  a  most  important 
consideration  in  connection  with  water  which  is  contaminated  with 
sewage  and  manure  matters ;  and  it  is  necessary  that  such  water 
should,  at  all  events,  be  as  well  filtered  as  possible.      The  present 

water    companies   supplying   London   eai t  possibly  be  blamed  fur 

the  original  quality  of  the  water  which  they  supply.  They  cannot 
hinder  the  GO1  i.lJi.H.)  persons  who  live  on  the  banks  of  the  Thames  from 
pouring  their  refuse  into  the  river ;  but  they  can  filter  this  impure 
water.  They  can,  and  indeed  by  Act  of  Parliament  they  are  sup- 
posed to  be  compelled  to  deliver  this  water  in  a  bright,  transparent, 
and  filtered  condition  ;  and  they  can  in  this  way,  as  far  it  is  possible 
by  filtration  to  do  it,  remove  these  suspended  organic  contain i nations 
from  tho  water. 

But  how  does  tho  matter  stand?  Here  is  a  sample  of  water  which 
I  drew  from  tho  Lambeth  Company's  main  on  the  4th  of  March. 
You  see  that  the  water  is  not  filtered.  It  is  filtered  by  Act  of  Parlia- 
ment !  but  it  is  curious  to  observe  that  so  much  pollution  can  pass 
throngh  an  Act  of  Parliament.  Here  too  is  a  sample  of  the  same 
company's  water  collected  on  tho  21st  of  January  ;  and  it  is  a  fact, 


B.]  on  the  prapowd  Water  Supply  of  the  Metropolis.  353 

that  during  the  whole  of  that  interval  and  almost  up  to  tho  present 
' '  \  this  water  has  been  much  in  tlie  same  condition.  Those  of  my 
»  who  are  supplied  by  the  Lamhoth  Company,  or  the  Southwark 
d  Vauxhall  Company,  or  by  the  Chelsea  Company,  will  hear  me  out 
me  to  the  condition  in  which  thoso  companies  have  delivered  water 
during  tho  past  two  months.  In  fact,  not  only  for  the  past  two 
months,  but  during  the  entire  year,  water  is  often  delivered  in  London 
very  imperfectly  filtered.  Tho  Southwark  Company  during  the  whole 
of  last  year,  with  one  exception,  delivered  from  its  mains,  when  the 
samples  were  drawn  for  analysis,  turbid  water,  imperfectly  filtered — 
most  of  the  other  companies  were  to  a  less  extent  guilty  of  the  samo 
tiling.  Of  tho  companies  which  draw  from  tho  Thames,  the  West 
Middlesex  and  the  Grand  Junction  are  the  two  which  filter  their 
water  liost;  but  the  only  compuuy  which  delivered  water  uniformly 
transparent  and  well  filtered  was  tho  New  Ttiver  Company. 

I  have  stated  that  the  absolute  quantity  of  the  organic  matter  in 
solution  in  water  cannot  be  ascertained,  but  tho  amount  of  carbon  and 
nitrogen  contained  in  this  organic  matter  can  bo  estimated  by  tho 
process  of  combustion  which  I  have  exhibited  to  you.  The  amount  of 
organic  carbon  and  nitrogen  in  tho  several  waters  I  have  referred  to, 
is  represented  in  the  second  and  third  lines  of  table  A,  and  in  the 
second  and  third  columns  of  table  B  you  will  seo  that,  with  regard  to 
these  elements  of  the  organic  matter  in  solution,  there  is  not  a  very 
striking  difference  between  the  three  di  ffereut  classes  of  waters.  There 
is  an  excess  of  organic  nitrogen  in  the  caiu  of  the  London  water,  and 
of  organic  carbon  in  tho  case  of  tho  Welsh  waters. 

The  organic  mattor,  of  which  the  elements  aro  thus  determined, 
may  be  cither  animal  or  vegetable,  and  the  nature  of  it  has  much  to 
do  with  the  probability  of  its  being  noxious  or  innocuous.  The 
animal  or  vegetable  source  of  the  organic  nutter  may  be  judged  of  by 
the  proportion  of  nitrogen  to  carbon,  as  determined  by  analysis:  that 
from  animal  sources  contains  a  larger  proportion  than  that  derived 
from  vegetable  sources ;  and  in  this  way  it  is  easy  to  see  that  tho 
organic  matter  in  tho  Welsh  and  Cumberland  waters  is  of  a  different 
character  from  that  contained  in  the  London  waters.  The  Loudon 
river-waters,  especially  when  turbid,  contain  a  much  larger  propor- 
tion of  nitrogen  to  carbon  than  is  contained  in  other  waters,  thus 
proclaiming  the  animal  origin  of  some  portions  of  the  organic  matter. 

When  1  addressed  you  on  this  subject  lost  year  I  stated  that  by 
operating  upon  one  litre  of  water,  one  per  cent,  of  unchanged  sowago 
eould  be  detected  with  certainty,  but  tbat  smaller  percentages  ought, 
in  operations  upon  such  a  small  quantity  of  water,  to  bo  considered  as 
'  "'  g  within  tho  possible  errors  of  ex]ieriinent.  In  like  manner,  by 
"ing  upon  10  litreB  of  water  l-10th  of  a  per  cent  of  unchanged 
i  could  be  detected.  During  tho  past  year,  however,  this 
a  of  analysis  has  been  so  improved  that  an  amount  of  organic 
oon  corresponding  to  at  most  3-lOOtnM  of  a  per  cent,  of  unchanged 
sowago  can  now  l>e  detected  with   certainly  in  one  litre  of  water. 
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Now  about  4-5ths  of  tlio  organic  nitrogen  contained  in  perfectly  fresh 
sewage  exists  there  as  urea  which  undergoes  such  rapid  deeoiu position, 
into  the  mineral  compound  Oftrbonato  of  amuiouia,  that  little  or  none 
of  it  evor  reaches  the  Thames  from  the  towns  whoso  sewors  deljoueh 
into  tliis  river.  As  average  London  sewage  contains  10  parts  of 
combined  nitrogen  iu  1()U,UU0  parts,  it  follows  that  100,000  parts  of 
this  sewage  as  it  flows  into  the  Thames  will  contain  only  2  parts 
of  organic  nitrogen.  Further,  if  the  sewage  of  the  600,000  persons 
who  drain  into  tho  Thames  above  the  point  whence  the  water 
companies  draw  their  supply  have  tho  strength  of  average  London 
sewage,  it  will  amount  to  18,000,000  gallons  daily,  and  if  the 
average  flow  of  the  river  at  Teddington  bo  taken  at  800,000,008 
gallons  daily,  it  follows  that  the  river  will  there  contain  225U  parly 
of  sewage  in  100,000  parts, or  2i  per  eent.  This  quantity  ai 
if  in  the  condition  as  delivered  at  tho  sewer  outfall,  would  con- 
taminate the  whole  volume  of  tho  river,  only  to  the  extent  of  0-15 
part  of  organic  nitrogen  in  100,000  parts  of  water.  Now  on  tho 
21st  of  January  last  tho  water  delivered  by  the  five  companies 
drawing  their  supplies  from  tho  Thames  contained  tho  following 
amounts  of  organic  nitrogen  in  100,000  ports  :— 

Chelsea  (turbid)..  ..  -058  [  Grand  Junction  (clear)  -031 
West  Middlesex  (clear)  027  Lambeth  (turbid)  ..  -062 
Southwark  (turbid)     ..    "Obi     j 

It  will  be  seen,  therefore,  that  three  out  of  the  fivo  samples  of 
water  actually  contained  more  orgiuiie  nitrogen  than  would  bo  duo  to 
the  admixture  of  the  18,000,000  gallons  of  sewage  which  are  poured 
into  tho  Thames  above  the  point  from  which  these  samples  came. 
But  Thames  water  holds  in  solution  a  certain  amount  of  peaty  matter 
which  contains  organic  nitrogen ;  a  sufficient  proportion  of  this 
substance,  however,  to  furnish  tho  above  larger  quantities  of  organic 
nitrogen  would  render  tho  water  brownish -yellow  when  viowed  in 
a  quart  decanter,  whilst  these  samples  of  Thames  water  were,  whon 
filtered,  colourless  or  nearly  so.  I  am  therefore  of  opinion  that 
the  Thames  water  delivered  in  London  by  the  Chelsea,  Southwark, 
and  Lambeth  companies  on  tho  21st  of  January  last  contained 
unoxidizod  sewage.  This  opinion  is  confirmed  by  the  results  of  some 
experiments  which  I  have  recently  made  in  my  laboratory,  and  which 
show  that,  contrary  to  the  generally  received  opinion  (which  is,  how- 
ever, based  upon  no  reliable  experimental  data),  sewage  in  which  tho 
urea  is  already  decomposed  undergoes  further  change  with  extreme 
slowness,  even  when  freely  exposed  to  the  air  and  mixed  with  large 
volumes  of  water.  Thus  I  find  that  a  mixture  of  weak  sewage  from 
one  of  tho  Loudon  sowers  with  nine  times  its  volume*  of  \. . 
taining  bicarbonate  of  lime  in  solution)  at  a  temperature  of  20*  to2o"  C, 
and  welt  agitated  every  day  by  being  mado  to  flow  in  a  thin  stream 
through  three  feet  of  air,  oxidizes  but  to  a  slight  extent  iu  the  course 
of  eight  days.     Immediately  after  mixture  this  bo  wage-contaminated 
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water  contained  *267  part  of  organic  carbon  and  -081  part  of  organic 
nitrogen  in  100,000  parts,  whilst  after  96  hours  it  still  contained 
"250  part  of  organic  carbon  and  -058  part  of  organic  nitrogen,  and 
even  after  the  lapse  of  192  hours  the  undecomposed  organic  matter 
still  contained  -200  part  of  organic  carbon  and  -054  part  of  organic 
nitrogen. 

In  connection  with  the  organic  matter  in  water,  the  investigation 
of  the  Welsh  and  Cumberland  samples  revealed  a  very  curious  effect 
produced  by  the  admission  of  the  detritus  from  lead  and  other  mines 
into  tho  waters  of  the  streams  and  lakes.  It  was  found,  upon  analysis, 
that  water  thus  mixed  with  tho  milky  streams  from  tho  crushing- 
engines  of  mines  contained  a  wonderfully  small  quantity  of  nitro- 
genous organic  mattor.  You  will  see  this  brought  out  in  the  following 
table:— 


Effect  of  Detritus  of  Lead  Mines  upon  the  Organic  Matter  in  Water, 


Cumberland  Waters. 

Glcnridding  Beck 

Stream  flowing  iuto  Thirl mero 
Goldrill  Beck  

Welsh  Waters. 

Ceryst        

Upper  Cly  wedog      

Lower  Cly  wedog      

Tarunnon  and  Ceryst       


Organic  Carbon  'Organic  Nitrofron 

in  100,000       J       in  lnn.ooo 
parts  of  Water,  j  j>arts  of  Wut«T, 


110 

ooo 

202 


•200 
•.144 
•212 
•301 


000 
001 
001 


000 

•000 

001 

(>01 


This  table  shows  that  whilst  some  of  these  waters  exhibit  a  rather 
large  quantity  of  organic  carbon,  they  contain  very  little  or  no  organic 
nitrogen.  And  further,  these  waters,  though  they  hold  in  solution  a  con- 
siderable amount  of  peaty  matter,  are  perfectly  colourless  when  scon  in 
a  quart  decanter ;  but  when  viewed  through  a  stratum  fifteen  feet  thick 
they  exhibit  the  magnificent  blue-green  tint  of  absolutely  pure  water, 
a  tint  which  is  brought  out  when  wator  is  passed  through  animal 
charcoal.  We  may  illustrate  tho  action  of  this  crushed  quartz  of 
lead  mines  and  of  animal  charcoal,  by  three  samples  of  tho  water 
delivered  to  this  Institution  by  tho  Grand  Junction  Company,  and 
which  are  contained  in  the  tubes  before  you,  each  of  which  is  fifteen 
feet  long.  Tho  centre  tube  contains  tho  water  just  as  it  passes  into 
tho  cistern,  tho  water  in  tho  second  tiilx>  lias  l»een  shaken  with 
powdered  flint,  whilst  tho  wator  in  tho  third  tube  lias  boon  passed 
through  animal  charcoal.  If  we  now  send  through  each  tube  a  parallel 
ray  of  electric  ligbt,  which  ray  will  have  to  p;isa  through  a  stratum  of 
about  fifteen  feet  of  water,  vou  will  perceive  that  the  first  gives  a 
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yellow-brown  tint  upon  the  screen  ;  Iho  second,  ii  beautiful  green  tint, 
ami  the  third,  a  turquoiso  colour :  tbo  last  two  poworfully  reminding 
the  observer  of  tbo  lakes  of  Lauerz  and  Zug,  as  seen  from  tbo  suinmit 
of  tbu  Iligi.  (Experiment  performed.)  In  fact  tbis  is  doubtless  tlio 
cbief  canso  of  tbat  magnificent  colour  which  wo  witness  in  many  of 
tho  Swiss  lakes,  and  which  we  see  for  instance  in  the  Rhone  when  it 
leaves  the  bike  of  Geneva,  and  tbo  Liiutn.il  as  it  flows  from  the  hike 
of  Ziirich,  Tho  streams  running  into  the  heads  of  tlteso  lakes 
in  turbid  and  filled  with  (iiiely-erushod  quartz  and  other  minerals,  the 
detritus  from  tho  glaciers  which  aro  tho  source  of  thoso  streams.  In 
the  lakes  these  fine  particles  'if  mud  subside  and  attract  to  themselves 
the  ponty  colouring  matter  which  is  to  he  found  in  almost  all  waters. 

We  see  in  two  of  the  English  hikes  some  indications  of  this  blue- 
green  tint  appearing,  and  it  is  precisely  in  the  localities  where  tho 
streams  from  the  load  mines  come  down  into  the  lakes.  You  see  near 
tho  mouths  of  those  milky  streams  which  come  down  into  Ullswater  from 
Gleuriddiug,  and  from  tho  "  Old  Man,"  into  Couiston  Lake,  the  in- 
dications of  this  precipitation  and  removal  of  thoso  brown  substaui 
which  discolour  the  mil  lira  1  waters  of  our  lakes.  We  have  thus  here,  per- 
haps for  the  first  timo,  evidence  of  improvement  of  tho  quality  of  water 
by  tho  admission  into  it  of  manufacturing  refuse.  Hence  the  diversion 
of  theso  waters  craning  from  lead  and  other  mines,  which  would  seem 
at  first  sight  to  bo  necessary,  need  not  be  effected  ;  on  the  contrary, 
their  admission  into  tho  lakes  would  bo  of  great  benefit  to  the-  waters, 
they  would  to  some  extent  decolorize  them,  aud  would  tend  to  reduce 
the  nitrogen' uis  organic  matter  to  the  lowest  possible  amount.  There 
appears  to  bo  no  need  to  fear  tbat  such  streams  will  carry  anything 
into  tho  lakes  which  will  be  deleterious  to  the  drinker.  All  thoso 
atreams  have  been  carefully  examined  for  lead,  arsenic,  copper,  &a.t 
and  only  in  two  cases  has  tho  faintest  trace  of  lead  been  discovered, 
and  tho  quantity  was  so  minute  that  it  is  absolutely  impossible  it 
could  bo  deleterious,  oven  if  tho  water  coming  from  tho  mines  them- 
selves mm  to  bo  drunk,  but  mixed  with  the  large  quantities  of  tho 
lako  water,  it  becomes  utterly  inappreciable. 

Tbo  fatal  effect  said  to  he  exerted  upon  fish  by  tlteso  milky  streams 
from  mines  is  most  probably  duo  to  a  mechanical  action  of  the  fiucly 
divided  quartz  upon  their  organs  of  respiration — an  effect  analogous 
to  that  {but  of  an  exaggerated  kind)  from  which  tho  Sheffield  grinders 
notoriously  stdfer. 

Having  thus  discussed  tho  organic  portion  of  the  solid  impurity  of 
theso  waters,  let  us  now  turn  to  tho  inorganic  or  mineral  portion, 
which  may  be  conveniently  divided,  as  regards  its  most  important 
constituents,  into  tliree  subdivisions,  viz.  : — 

1,  Soap  destroying  substances. 

2.  Mineral  compounds,  constituting  chiefly  tho  skeleton  of  decom- 
1  sowage  or  manure. 

Poisonous  substances,  such  as  arsenic,  copper,  and  lead. 
The  first  or  soap  destroying  category  of  substances  communicate 
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to  water  the  quality  called  hardness.  These  substances  are  the  salts 
of  lime  and  magnesia ;  and  the  quantity  of  them  contained  in  the 
proposed)  as  compared  with  tho  present,  metropolitan  water  supply 
will  be  seen  on  reference  to  tho  above  analytical  tabic.  Tho  hardening 
effect  of  these  substances  is  also  given  in  a  separate  lino  of  the  same 
table,  from  which  it  will  bo  seen  that  tho  proposed  is  only  about 
l-10th  as  hard  as  the  present  water  supply. 

Tastes  differ  as  regards  hard  or  soft  water  for  drinking  purposes, 
and  medical  arguments  have  from  time  to  time  been  advanced,  now  in 
favour  of  and  now  against  each.  It  has  been  asserted  in  this  country, 
for  instance,  that  hard  water  is  nocessary  for  tho  formation  of  bone, 
and  tha+  tho  finger  of  Providence  points  to  the  advantago  of  hard 
water  by  the  profusion  of  calcareous  strata  occurring  in  tho  earth's 
crust,  whilst  M.  Belgrand  states  that  the  inhabitants  of  the  hard-water 
districts  of  France  notoriously  suffer  from  carious  teeth.  It  would 
probably  be  extremely  difficult  to  prove  cither  of  theso  assertions.  As 
regards  the  enormous  advantages  of  soft  water  for  washing,  cleansing, 
and  manufacturing  purposes,  there  is,  however,  no  difference  of  opinion. 
In  Glasgow  alone  the  annual  saving  of  soap  only,  by  tho  introduction 
of  Loch  Katrine  water,  for  a  previous  supply  of  very  moderately  hard 
water,  has  been  estimated  at  36,000/.  Having  had  tho  opportunity  of 
comparing  a  six  years'  experience  of  the  soft  water  supplied  to  Man- 
chester, with  a  subsequent  ten  years'  experience  of  the  hard  water  of 
London,  I  can  state  that  tho  soft  water  was  for  all  purposes  preferred 
by  every  member  of  my  family.  On  removing  from  Manchester  to 
London,  the  repugnance  to  drink  the  hard  water  of  the  latter  city  was 
at  least  as  marked  as  that  which  I  havo  sometimes  noticed  in  persons 
making  the  transition  in  the  opposite  direction. 

Tho  hardness  of  tho  London  waters  is  chiefly  what  is  termed  tempo- 
rary hardness ;  that  is,  it  is  caused  by  the  carbonates  of  lime  and 
magnesia,  the  greater  portion  of  which  is  gradually  deposited  on  boil- 
ing tho  water  for  half-an-hour.  By  reason  of  this  softening  of  such 
water  by  boiling,  temporarily  hard  water  is  considered  to  be  loss  objec- 
tionable than  water  of  tho  same  degree  of  permanent  hardness.  My 
own  experience  leads  me  to  the  conclusion  that  the  advantages  of 
temporary  over  permanent  hardness  have  been  considerably  overrated. 
In  reality,  water  used  for  domestic  purposes  is,  even  when  used  hot, 
either  not  heated  to  the  boiling  point,  or  is  boiled  for  too  short  a  timo 
to  remove  more  than  a  small  proportion  of  its  temporary  hardness. 
Thus,  water  drawn  from  the  kitchen  boilers  of  a  dwelling-houso  and  of 
the  Athemeum  Club  was  usually  almost  as  hard  as  the  cold  water  with 
which  they  were  supplied,  as  is  seen  from  tho  following  tablo : — 
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Date  and  Hour. 


Hardness  of 
Cold  Water. 


Sopt  30th,  18C7,  8  p.m. 


Oct. 


M 

Nov. 


1st 

2nd 

3rd 

4th 

7th 

8th 

9th 

10th 

11th 

12th 

8th 

11th 

12th 


M 


M 
tl 


ff 


tf 


M 


»» 


l> 


II 


8  P.M. 
O  A.M. 

9  p.m. 

8  A.M. 

8  p.m. 

o  A.M. 
8  VM. 
8  TM. 
o  A*M* 
o  A.M. 
5  P.M. 
5  P.M. 

6  p.m. 


14- 

14« 

14- 

14- 

14 

14 

14 

15 

15 

15 

16 

18 

18 

18 


6 
4 
4 
6 
6 
4 
4 
4 
9 
9 
1 
7 
7 
7 


Hardness  of 
Hoi  Water. 


13*6 
13-9 
13 
11 

7 
11 
12 
14 
11 

8 
11 
18 
18 
18 


4 
6 
6 
7 
1 
3 
9 
4 
9 
4 
6 
4 


The  amount  of  soap  destroyed  by  the  use  of  various  waters  for 
washing  purposes  is  seen  from  the  following  table,  in  which  certain 
Welsh  and  Cumberland  waters  are  also  introduced  for  the  purposes  of 
comparison : — 

Soap  destroyed  by  100,000  lbs.  of  various  Waters. 


Metropolitan  Waters. 

Thames  Water        

River  Lea        

Kent  Company's  Water        

Other  Waters. 

South  Essex  Company's  Water    .. 

Oaterham  Company's  Water 

Water  supply  of  Worthing 

„  „        Leicester 

„  „        Manchester 

„  „        Preston 

„  „        Glasgow  (Loch  Katrine) 

,,  „        Lancaster 

Bala  Lake       

Thirlmero        

Huweswater 

Ullswater 


lbs.  of  Soap 
destroyed. 


212 
204 
265 


253 

84 

285 

1G1 

82 

80 

4 

1 

5 

8 

16 

23 


In  the  recent  supply  of  water  to  Paris  from  new  sources,  tho  im- 
portance of  soft  water  attracted  the  attention  of  the  ominent  engineer 
M.  Belgrand ;  a  close  investigation  of  tho  available  sources,  however, 
soon  showed  that  he  had  unfortunately  but  little  choice,  as  the  really  soft 
streams  of  tho  Fontaineblcau  sands  (tho  minimum  hardness  is  however 
6°)  and  of  tho  granite  of  Morvan  (minimum  hardness  2*2°)  were  more 
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dribblets.  Of  tho  latter  M.  Belgrand  soys — "  Sources  qui  donnent 
les  NB  les  plus  pures  du  bassin  de  la  Seine;  deviation  vers  Pitris 
impossible,  en  roison  du  pen  d'tmportauoe  des  aumwis."  Houco  tbo 
river  Vanne  (17°-flOa)1  somowhat  softer  than  tbo  Thames,  was  tbo 
mfliwl  available  source,  aud  having  first  conclusively  dem  oust  rated 
tUis,  bo  consoles  tbo  Parisiaus  by  Maying — "Lea  cans  du  granite,  du 
greensand  et  des  sables  da  Fontniucbloau,  qui  sunt  chimiqueiaent  plus 
pores,  eoat  bcaucoup  moins  agrcables  a  boire." 

The  second  category  of  inorganic  substances  contained  amongst  the 
solid  impurities  of  wafers,  consists  of  the  mineral  compounds  constituting 
chiefly  the  skeleton  of  MSMpMMl  sewage  or  manure.  Tho  putrescible 
nitrogenous  organic  matters  present  in  water,  or  in  the  soil  through 
which  water  percolates,  undergo  gradual  oxidation  and  dc  com  position, 
by  which  their  carbon  and  hydrogen  an  MOtwted  into  carbonic  noid 
and  water,  nnd  their  nitrogen  into  ammonia,  nitrous  and  nitric  acids. 
The  lost  three  remain  in  the  water,  constituting  a  record  of  previous 
contamination  with  putrescible  ratnmnoni  organic  matter.  But  rain- 
water always  contains  ammonia,  and,  as  Dr.  Beneo  Jones  has  shown, 
also  nitrous  and  nitric  acids.  The  nitrogen  in  these  forms  in  rain- 
water, as  it  finds  its  way  into  rivers  and  springs,  amounts  in  tho  aggre- 
gate to  -032  jwirt  in  100,000  parts  of  water,  therefore  this  amount  must 
be  deducted  from  that  found  on  analysis,  as  nitrogen  derived  from 
aerial  sources.  The  remaindor,  if  any,  represents  tho  nitrogen  dorived 
from  putrefied  nitrogenous  organic  matters  with  which  the  water  has 
been  in  contact.  To  express  this  in  terms  of  some  known  standard,  I 
employ  averago  filtered  London  sewage,  which  contains  10  portH  of 
nitrogen  in  tho  form  of  putrescible  organic  matter  in  100,000  ports. 
Thus,  a  water  which  contained  one  port  of  nitrogen  in  100,000,  as 
nitrous  acid,  nitric  acid  and  ammonia  would  contain  in  100,000  ports, 
the  nitrogenous  remains  or  skeleton  of  an  amount  of  putrescible  organic 
matter  equal  to  tliat  contained  in  10,1)00  parte  (if  average  filtered 
Loudon  sewage.  Such  a  water  therefore  is  said  to  have  a  previous 
sewage  contamination  of  10,000  parts  in  every  100,000  parts.  But  it 
may  lie  asked,  Is  this  a  true  record  of  tho  previous  history  of  tho  water 
in  this  respect?  I  believe  it  to  be  so,  as  far  as  it  goes.  I  believe  that 
this  nitrogen  as  truly  rejiresents  a  quantity  of  previously  existing  putres- 
cible organic  nitrogenous  matter,  as  that  the  (wins  »fa  megatherium  demon- 
rlriilc  the  precious  existence  of  an  individual  of  that  species ;  but  as  tbo 
geological  record  of  previously  (listing  organisms  is  iniiierfVut,  so  is  the 
nitrogenous  record,  just  as  chemical  and  mechanical  agencies  have 
broken  up  and  dissipated  the  remains  of  millions  of  animals  during 
long  geological  periods,  so  does  tho  action  of  growing  plants,  and  per- 
haps also  of  living  animals,  remove  from  water,  in  a  few  hours  or  days, 
MM  portion  of  (his  skeleton  of  previous  putrescible  organic  matter. 
Thus  by  storage  in  large  reservoirs,  the  East  Loudon  Company  roducod 
the  previous  eewugu  contamination  of  tho  River  Lea  last  summer  from 
about  S000  down  to  230  parts  iu  100,000.  The  previous  sewage 
contamination  of  a  water  as  determined  by  analysis  is  therefore  i 
minimum  quantity. 


pTofeacrr  Franldanii 


[April  3, 


But  in  addition  to  the  aerial  for  which  duo  allowance  is  mode,  can 
there  not  be  some  other  source  of  this  skeleton  thaii  putrefied  sewage 
or  manure  matter?  Can  it  not  bo  derived  from  putrefied  vegetable 
matter — from  peaty  matter  for  instance  ?  Without  utterly  denying 
the  possibility  of  this,  I  venture  to  assert  that  nowhere,  in  this  country 
at  least,  nor  probably  on  tho  continent  uf  Kurnjn,  is  there  such  a  quan- 
tity of  nitrates,  nitrites,  or  ammonia  produced  from  vegetable  sources 
as  to  appreciably  affect  the  truth  of  my  proposition  that  tho  nitrogen  in 
these  forms  obtained  by  waters  from  terrestrial  sources  is  substantially 
due  to  the  putrefaction  and  oxidation  of  sewage  and  manure  matters. 

It  has  buea  objected  to  this  view  of  the  origin  and  significance  of 
these  forms  of  combined  nitrogen,  that  waters  derived  from  com- 
paratively deep  wells,  in  the  chalk  for  instance,  contain  them  in  large 
quantities;  thus  the  Kent  Company's  water  exhibits  a  previoui 
age  or  manure  contamination  of  from  3000  to  5000  parts  in  10 
It  is  difficult  to  understand  how  such  an  objection  could  have  < 
ated,  and  it  certainly  disappears  on  examination ;  for  instance 
above  case,  it  is  well  known  that  a  very  large  proportion  of  the  water 
collected  in  tho  London  chalk  basin  cousists  of  the  drainage  from 
manured  land,  and  it  is  doubtless  from  this  source  that  the  large  pro- 
portion of  nitrates  existing  in  this  water  is  derived. 

According  to  Mr.  Way's  analysis,  the  draiiiago  water  from  culti- 
vated land  contains  an  amount  of  nitrates  corresponding  to  the  follow- 
ing proportions  of  previous  sewage  containi nation  in  100,000  porta  : — 

Maximum.       Minim™.       Man. 

water  from  manured  Innd      ,,       ..       ..     f         S*,*JU         7'M0         ^W70 
Ditto  from  pasture-land,  uninsured  ..       ..  2,100  180  830 

The  results  of  the  examination  of  various  well-waters  contained 
the  following  table,  further  illustrate  this  point  : — 


Large 

,000. 

igin- 

,  tbn 


Previous  Sewage  n 


Manure  CmlamiruUion  i 
WM-wateri. 


100,000  parts  of 


Artesian  Wellat  (ireoella  

I.llmlk  Well  iH .  I 'iiterhnm 

Wiiler  il<-livi  reil  Ijy  K-iit  '  'ninpi.ny 

Wider  fiiijijilieil  I"  Worthing 

Wiid.r  il>  livereil  l.v  Llie  Smlli  Ksaex  Company 
Shallow  Well  at  Leylnnd,  near  Preston  ..  .. 
„  at  Ledbury 


bill 


in  Aid  gate 

in  Miuories : 

in  Lender  ilia  II  Market 
in  Bf.  Nicholas  Oluve.  Chnrchynrd 
the  Hue  Travurami?,  Paris 


Bapal  institution  Well-n 
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With  two  remarkable  exceptions  tho  above  remilte  show  the  greatest 
previous  sewage  contamination  precisely  in  those  places  where  it  would 
be  predicted;  thus  the  shallow  well-water  of  Levhuid,  near  Preston, 
consists  almost  entirely  of  the  drainage  from  cesspools  and  lnarket- 
gardons,  through  a  sandy  soil,  tho  latter  being  heavily  manured  with 
night-soil,  stable  maiim-o,  and  guano.  It  need  therefore  excite  no 
surprise  that  nearly  2"i  per  cent,  of  this  water  has  been  in  a  condition 
equivalent  to  average  Loudon  sewage.  The  quality  of  tho  waters  token 
from  four  of  the  city  pumps  and  from  the  well  in  the  Royal  Institu- 
tian*  needs  no  comment;  these  llhllllili  millll  Win  III  III  lumQIlinifl  ■■ 
being  fed  by  oxidized  and  somewhat  diluted  sewage.  It  is,  however,  in 
tho  well  of  the  Hue  Traversine,  in  Paris,  that  this  kind  of  contamina- 
tion reaches  perhaps  its  maximum.  The  cesspool  system  is  still  in 
full  activity  in  Paris,  and  the  soil  of  that  city  is  saturated  with  liquid 
manure  of  such  a  strength  that  one  gallon  of  it  is  equivalent  to  three 
gallons  of  average  London  sewage. 

As  already  mentioned  there  oro  in  the  above  table  two  remarkable 
exceptions  to  tho  general  previous  sewage  eon Liniiiii'ittuii  of  well-waters. 
These  are  the  artesian  well  ut  Grcnellc  and  the  chalk  well  of  the  Cater- 
ham  Water  Company.  With  regard  to  the  first,  it  is  evident  that  tho 
pressure  of  water  which  supports  a  column  of  122  feet  above  the  surface 
at  Crenelle,  precludes  tho  possibility  of  admixture,  with  the  drainage  of 
Paris,  still  there  can  be  little  doubt  that  the  water  supplying  the  chalk 
of  the  Paris  basin  is,  to  some  extent  at  least,  ountaiiiiiiuti-d  by  manure, 
although  the  Iiuiil  through  which  it  drains  is  for  less  generally  culti- 
vated than  that  through  which  the  water  supply  of  the  London  chalk 
percolates.  Tho  water  from  the  Caterhain  Company's  well,  comes,  I 
believe,  from  a  greater  depth  than  that  of  tho  Kent  and  South  Essex 
Company's,  and  this  circumstance,  coupled  with  the  observation  of  Mr. 
Dugald  Campbell  that  tho  water  of  the  deep  chalk  wells,  unlike  that 

•  As  this  water  enjoyed  [iir  u  lenj;  time  u  wry  UL'h  ri'piifcitiim  in  the  domestic 
department  or  this  Institution,  and  as  I  have  lx.cn  frequently  mill  very  earncntly 
requested  to  withdraw  n  prohibit  inn  which  I  placed  npon  its  HBO  in  the  cholera 
year,  I8SG,  1  append,  fur  my  own  justilicnii.m.  h  men  nomplntu  analysis. 

In  luo.oou  porta 

Total  adid  impurity 937 

Organic  cnrboD "410 

Organic  nitrogen        'OSS 

Nitrogen  as  nitrates  and  nitrite*      4-355 

Ammonia "001 

Total  combined  nitrogen 4'44l 

Previous  sewage  contamination         43240 

Actual  contamination  with  wioxidized  Bowngo       ..       ..        4250 

Hardness     325 

TliC  gnaiy  disanlved  in  this  wnter  contained  miirccly  n  trace  of  oxygen.  A 
half-pint  gloss  of  it  contains  nearly  a  quarter  of  a  pint  of  water  which  lias 
previously  been  in  the  condition  of  average  Louden  sewmp'.  1-sidcs  n  dissert 
spoonful  of  achuil  or  uiinxiujiznl  sewage,      //  "cmj.  Ihrr-fore,  liiyMy  jx-vbablr  that 

Jittered  and  lol--tMij  m-ll-njiiliiril  *,  tnuje,  in  ih  mioVfu/.  j lili^u.  vxmld  farairh 

'  t  luppty  for  London.    Such  is  tlie  reliability  of  instinct  u 
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of  tho  shallower  chalk-wells,  is  freo  from  nitrates,  and  taken  in  con- 
nection with  the  fact  that  there  is  freo  water-communication  between 
the  upper  and  lower  chalk,  points  to  the  conclusion  that  chalk 
possesses  the  property  of  abstracting  nitrates  from  water.  If  this  be 
the  case,  it  would  also  account  for  the  circumstance  that  the  water  of 
tho  shallow  chalk-wells  exhibits  much  less  previous  sewage  contami- 
nation than  might  bo  expected  ;  the  average  amount  of  nitrates  found 
by  Mr.  Way  in  drainage  water  would  indicate  a  previous  sewage  con- 
tamination in  the  chalk-water,  equal  to  about  20,000  parts  in  100,000, 
whilst  the  contamination  actually  exhibited  in  the  case  of  the  Kent, 
Worthing,  and  South  Essex  Companies  waters  is  only :  Kent  3770, 
Worthing  3940,  and  South  Essex  8205  in  100,000  parts. 

I  have  extended  this  investigation  to  various  river  and  lake  waters, 
as  well  as  to  spring  waters,  and  have  been  here  much  indebted,  as 
regards  tho  non-British  waters,  to  M.  Boussingault's  researches  on  the 
presence  of  nitrates  in  waters.  The  following  tables  exhibit  the  results 
of  this  investigation  : — 

Previous  Sewage,  or  Manure  Contamination,  in  100,000  parts,  of  various 

River  and  Lake  Waters, 


Names  of  Waters. 


River  Waters. 

Nil©      

Rhine,  at  Bale 

Seine,  at  Notie  Dame       

Ourcq ..      

Thames        

Lea       

Severn  (near  source) 

Lower  Clywedog        

Tarannon 

Ccryat 

Carno 

Banw  and  Eira  .. 

Vyrnwy       

Tylweh        

Upper  Rotkay 

Lowtber 

Kent 

Sprint 

Fourteen  other  Cumberland  Streams 

Lake  Waters. 

Bala  Lake 

Thirlmure 

HaweMwater        

Ullswater     

Watondlath  Tarn       

Loch  Katrine      

5  Lakes  and  Tarns  examined  by  Bouasingault 


Ammonia. 


*  • 


•005 
•002 
•003 
•004 
•008 
•001 
•003 
•004 
•003 
•003 
•003 
•002 
•001 
•000 


001 
003 
004 
003 
002 
002 


Nitrogen  as 

Nitrates  and 

Nitrites. 


'102 

026 

152 

223 

•284 

'220 

007 

006 

024 

•052 

049 

023 

•Oil 

004 

•002 

003 

•045 

021 


•000 
•002 
•000 
•005 
•006 
•031 


Previous 

Sewage 

Contamination. 


700 

0 
1200 
1910 
2062 
1901 
0 
0 
0 
210 
190 
0 
0 
0 
0 
0 

140 
0 
0 


0 
0 
0 
0 
0 
0 
0 
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Previous  Sewage,  or  Manure  Contamination,  in  100,090  parts,  of  various 

Spiing-ioaters. 


Names  of  Waters. 


Nitrogen 
Ammonia,    as  Nitrates 
I  and  Nitrites. 


Previous 

Sewogo 

Contamination. 


Mother  Ludlaw's  Gave      

Water  supplied  to  Ferotto  (Ilaut  Rhin) 
Spring  near  Dflnnenach  (Haut  Khin)     .. 
Source  of  the  Roppensviller  (Ilaut  Rhin) 

„        „      Arcuoil         

„        „      Uat  at  Montumrtre      

„        „     Martinet       

„        „     Trois  Meules,  St.  Eticnne  .. 

Spring  at  Nimes        

Eberebronn  (B^s  Rhin)     

Water  supplied  to  Woerth-eur-SaueT  (Bas  Rhin) 
Source  of  the  HI,  near  Winckel  (Hnut  Rhin)  . . 

Liebfrauenborg  Spring  (Bas  Rhin) 

Seltz  (Baa  Rhin)        

Miucrul  Spring  of  Bussang  ( Vosges) 
Water  supplied  to  Thann  (Haut  Rhin)  .. 
Source  of  the  Boelacker  (Ilaut  Rhin) 
Spring  at  Castle  Flcckenstcin  (Bas  Rhin) 

Thermal  Spring  at  Baden        

,.        Dax 

Source  of  the  Fresle  (Eust  Pyrenees)      ..     .. 


The  results  embodied  in  the  abovo  tables  throw  considerable 
additional  light  upon  this  form  of  water  contamination.  They  show 
in  the  first  place  that  waters  which  have  not  been  in  suspicious  com- 
pany exhibit  little  if  any  previous  sewage  contamination,  thus  in  the 
whole  of  the  Cumberland  and  Westmorland  district  it  only  occurs  in 
one  instance  (tho  Upper  Kent  which,  as  every  tourist  knows,  has  a 
little  cultivated  land  on  its  banks),  and  that  to  a  small  extent  only. 
In  the  Welsh  waters  again  there  arc  only  three  instances.  The  spring- 
water,  which  issues  from  tho  Grconsand  beneath  an  uncultivated  but 
heather-covered  surface  at  Mother  Ludlaw's  Cave,  near  Farnham, 
exhibits  a  mero  traco  of  this  contamination,  whilst  the  waters  of  nine 
springs  on  tho  Khino,  in  tho  Vosgcs,  and  in  tho  Pyronees,  examined  by 
M.  Boussingault,  exhibit  no  indications  of  previous  sewage  contamin- 
ation. On  tho  other  hand,  the  spring  forming  tho  source  of  the  But 
and  issuing  not  far  from  tho  cemetery  at  Montinartro  at  once  discloses 
its  antecedents,  and  exhibits  a  previous  sewago  contamination  of  85,310 
parts  in  100,000.  It  will  be  seen  that  tho  water  of  the  Ourcq,  which 
is  now  used  only  for  watering  the  streets  of  Faris,  exhibits  a  previous 
sewage  contamination  somewhat  less  than  Thames  water. 

liut  what  is  the  import  of  this  previous  sewage  contamination  ? 
These  skeleton  compounds  are  innocuous,  why  trouble  ourselves  about 
them  ?    True,  they  arc  innocuous,  or  nearly  so ;  but  inasmuch  as  thoy 


3G4  Profettor  FranJdand  [April  3> 

show  that  the  water  has  been  in  contact  with  animal  refuse  they  bring 
a  heavy  charge  of  suspicion  against  it.  These  refuse  animal  matters 
are  known  to  contain  that  which  is  hurtful  to  human  life.  This  hurt- 
ful matter  is  believed,  on  vory  strong  evidence,  to  consist  of  snores, 
or  germs  of  organisms,  which  are  capable,  under  favourable  circum- 
stances, of  producing  in  man  such  diseases  as  cholera,  typhoid  fever, 
and  dysentery.  Now  such  spores  or  germs,  endowed  as  they  are  with 
vitality,  will  be  likely  to  resist  the  oxidizing  agencies  which  convert 
the  rest  of  the  animal  refuse  into  carboiuc  acid,  water,  nitric  acid, 
nitrous  acid,  and  ammonia.  For  instance,  it  the  contents  of  an  egg 
were  beaten  up  with  water  and  poured  into  the  Thames  at  Oxford,  the 
organic  matter  would  prulnihly  1>«  entirely  oxidized  arid  converted  into 
mineral  compounds  before  it  readied  Teddingtou ;  but  if  the  egg  were 
thrown  whule  into  the  Thames  at  Oxford,  it  would,  if  it  retained  ita 
vitality,  bo  carried  down  to  Teddiugton  without  any  decomposition  of 
its  organic  matter.  There  can  be  no  donbt  that  tho  spores  or  germs 
of  many  organisms  arc  in  like  manner  capable  of  resisting  for  a  long 
time  tho  decomposing  action  of  water.  Now  no  practicable  process  is 
known  by  which  these  spores,  unci:  introduced  into  water,  can  bo  again 
removed  or  can  have  their  vitality  destroyed.  Filtration  will  not  do 
it ;  in  fact  it  is  well  known  to  engineers  that  water  is  often  contaminated 
with  visible  suspended  mutter  which  emmet,  be  separated  by  til t ration  ; 
thus  M.  Belgrand  says,  "  Lorsijnc  lean  est  troubles  dans  lo  flcuve,  olio 
sort  louche  de  uos  nitres."'  And  again,  speaking  specially  of  tho 
London  water  supply,  "Lo  mode  de  degrossissagc  employe  par  lee 
grandes  compagn  ies  smgluises,  lr>L,»  ruiimwbte  h  Lcmdrea,  ou  Vim  ne  boit 
jute  d'eau,  ne  vaut  rien  it  Paris,  w  let  f emmet,  let  m/anti,  lea  vin'lhii-ih 
de  la  clause  nacrirre  it  out  fiat  d'auhe  buissim.  J'ai  constate  par  moi- 
meme,  et  les  ingemoiii's  anglais  n'en  disconvieuuont  plus  que  l'cau  sort 
des  nitres  tree  chatgit  di:  matiire  organiqiic."  Again,  in  the  account  of 
his  highly  remarkable  researches  on  vaccine  and  small-poi  poisons, 
recently  communicated  to  the  Academy  of  Sciences,  M.  Chauveau 
says  regarding  the  organic  germs  contained  in  these  poisons;  that  they 
"  no  so  deposcnt  jamais  complctoment  dans  les  conches  profondos  du 
milieu  ambient,  et  pin-sent  '»  (ravers  tous  lea  filtros." 

Boiling  even  for  several  hours  cannot  be  relied  upon  for  the  destruc- 
tion of  such  germs,  some  of  which  have  recently  been  shown  to  retain 
their  vitality  after  four  hours  boiling  ;  in  fact  there  can  now  no  longer 
be  any  donbt  that,  as  contended  by  M.  Pasteur,  tho  cases  of  so-called 
spontaneous  generation  bavo  all  had  their  origin  in  ignorance  of  the 
excessive  tenacity  of  life  in  tho  germs  of  tho  lowest  organisms. 

Nothing  short  of  distillation  therefore,  as  it  is  carried  on  in  nature, 
can  be  relied  upon  to  free,  completely,  sew  age-con  (animated  water  from 
its  noxious  constituents.  Excessive  filtration  is  doubtless  to  some  ex- 
tent a  safeguard,  and  hence  previous  sewage  contamination  in  chalk- 
water,  if  wo  could  be  certain  that  the  water  had  been  fiiirly  filtered 
through  some  100  feet  of  chalk,  and  that  none  of  it  gained  access  to 
the  wolls  through  fissures  or  swallow-holes,  would  have  far  less  signi- 


on  the  proposed  Water  Supply  of  the  Metropolis. 


365 

ficance  than  it  has  in  the  case  of  a  river  water  where  tli«j  fine-suspended 
mid  noxious  matters  of  sewage  have  but  a  comparatively  slender  chance 
of  removal  before  the  water  reaches  the  consumer.  We  must  also  not 
forget  that  were  dilution  fails,  in  the  case  of  these  suspended  genus, 
to  destroy  their  noxious  quality,  differing  as  they  do  in  this  respect  re- 
markably from  soluble  poisons.  The  daily  casting  of  a  thousand  fatal 
doses  of  strychnine  into  the  Thames  at  Oxford  ought  not  to  occasion 
so  much  alarm  amongst  the  Loudon  water-drinkers  as  the  presont  flow 
of  the  Oxford  sewage  into  the  river,  because  the  excessive  dilution  of 
the  soluble  strychnine  would  effectually  prevent  its  producing  any 
physiological  effect.  Each  noxious  living  germ,  on  the  other  hand, 
contains  within  itself  the  power  of  indefinite  multiplication  and  mis- 
chief. One  snob  germ  may  be  present  in  a  wineglass-full  of  water, 
whereas  it  would  bo  necessary  to  drink  many  thousand  gallons  of 
water  to  imbibe  a  noxious  amount  of  strychnine,  under  the  conditions 
just  alluded  to.  I  am  therefore  of  opinion  that  water  once  con- 
taminated with  sewage  or  manure  matter  ought  never  again  to  be  used 
for  domestic  purposes,  if  any  other  supply  can  be  obtained ;  and  I  en- 
dorse the  advice  of  M.  Bolgrand  and  the  principle-  which  guided  him 
in  the  selection  of  his  new  water  supply  for  Paris  : — "On  a  dit  dca 
mux  potables,  qu'elks  ttaieut  comme  la  fomino  do  Cesar,  qu'elles  ne 
dovaient  pas  rm'nie  etre  soupconnees,  et  e'est  mon  avis." 

A  few  words  will  now  suffice  regarding  the  third  class  of  minoral 
matters  that  may  bo  presont  in  the  solid  impurities  of  waters,  viz. 
ptitntau  iifuft w< mi.  nidi  a*  ars.  nic,  o^y.  nwl  l-tul.  These  substances 
arc  only  likely  to  occur  in  waters  connected  with  mineral  workings — 
one  of  them  only,  lend,  has  been  detected  in  the  proposed  supplies, 
and  that  only  in  two  streams  in  Cumberland,  and  in  quantity  for  too 
minute  to  require  any  further  notice. 

The  following  table  exhibits  iC  comparative  view  of  the  amount  and 
quality  of  tho  gases  contained  in  the  proposed  and  present  supplies  : — 


Gases  expelled 

on  boiling  100  volumes  of  various  Waters. 
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You  will  find  that  the  gases  contained  in  the  Welsh  and  Cumber- 
land waters  arc  very  similar  in  quantity  and  proportion  to  those  found 
in  recently  distilled  water.  Collected  as  these  waters  are  near  tho 
mountain  ranges  which  constitute  the  great  coudousors  of  natural  dis- 
tillation, this  is  exactly  the  result  wo  should  expect.     Tho  London 
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waters  differ  mainly  in  containing  moro  carbonic  ncid  in  solution, 
which  makes  them  more  sparkling  in  appearance  Sparkling  waters 
are  generally  preferred  by  the  public,  although  they  commonly  owe 
their  briskness  to  extensive  contact  with  decaying  organic  matter.  It 
is  thus  that  the  highly -sparkling  pump-waters  of  London  are  still 
preferred  by  many.  On  the  other  hand,  soft  waters  are  not  necessarily 
vapid  ;  no  draught  of  water  could  Iw  more  delicious  than  that  which 
is  obtained  from  the  public  drinking- fountains  of  Glasgow,  supplied 
from  Loch  Katrine,  although  I  find  that  100  volumes  of  this  water 
contain  only  tho  following  gaseous  constituents : — 

Nitrogen T731  vols. 

Oxygen       -704     „ 

Carbonic  Acid jU8     „ 

Actum  upon  Lead. 

Tho  conditions  whieh  determine  the  action  or  non-action  of  water 
upon  lead,  have  hitherto  been  involved  in  much  obscurity.  Messrs. 
Graham,  Miller,  and  Ilofmanu,  tho  Government  Commission  of  1851, 
on  the  supply  of  water  to  tho  metropolis,  established  the  fact  that  the 
presence  of  dissolved  oxygen  and  tho  absence  of  more  than  three 
volumes  of  carbonic  acid  in  100  volumes  of  water,  are  amongst  the 
conditions  necessary  for  tho  attack  of  lead. 

The  whole  of  the  present  water  supply  of  the  metropolis  is  perfectly 
protected  from  acting  upon  lead  by  the  largo  quantity  of  carbonic  acid 
which  it  contains.  Still  there  are  obviously  other  conditions  involved 
in  the  problem ;  Tor  all  tho  samples  of  water  from  tho  Welsh  and  Cum- 
berland districts  contain,  u  shown  in  the  above  analytical  results,  dis- 
solved oxygen,  whilst  not  one  of  them  possesses  an  amount  of  carbonic 
acid  even  remotely  approaching  that  which  is  necessary  to  protect  it, 
and  yet  some  of  these  waters  act  violently  upon  lead,  whilst  others  nro 
entirely  without  action  upon  tho  metal.  Having  recently  had  occasion 
to  observe  that  a  sample  of  distilled  water,  whieh  acted  powerfully 
upon  lead,  completely  lost  this  quality  by  momentary  contact  with 
animal  charcoal,  I  found  on  ftirllu-i'  in  vilification,  that  a  minute  quan- 
tity of  the  chief  constituent  of  bone-black,  ii-.  phosphate  of  lime, 
completely  protects  water  from  action  upon  lead.  I  then  eaivfully 
ciamined  for  phosphate  of  lime,  the  water  of  the  River  Kent  (Upper 
Kent)  which  is  eminently  distinguished  for  its  violent  action  ujs.m 
lead,  and  the  water  of  the  River  Vyruwy,  which,  although  nearly  as 
soft  us  distilled  water,  lias  not  the  slightest  action  upon  lead,  even 
when  placed  in  contact  with  a  bright  and  freshly-cut  surface  of  the 
metal  for  24  bonrs.  This  examination  established  the  fact  that  tho 
water  of  tho  Vymwy  contained  an  appreciable  amount  of  phoBphate  of 
liino,  whilst  not  the  sli^btect  trace  of  this  substance  could  bo  detected 
in  that  of  the  Upper  Kent.  Tim  waters  from  both  the  proposed  dis- 
tricts have  been  carefully  examined  as  regards  their  behaviour  towards 


1868.]  on  the  proposed  Water  Supply  of  the  Metropolis.  367 

lead,  and,  as  the  result  of  this  examination,  it  may  bo  safely  affirmed 
that  no  danger  on  this  score  need  be  apprehended  from  the  introduc- 
tion of  water  from  either  district  into  the  metropolis.  I  here  exhibit 
to  yon  samples  of  lead  in  various  waters  exemplifying  the  points  upon 
which  I  have  just  spoken. 

Lastly,  I  place  before  you  in  these  large  cylinders,  holding  more 
than  a  gallon  each,  samples  of  the  Welsh  and  Cumberland  waters, 
side  by  side  with  a  similar  sample  of  Thames  water,  which  fairly 
represents  the  condition  of  more  than  8-5ths  of  this  wator  as  it  has 
been  delivered  in  London  since  tho  21st  of  January  last.  But  it  may 
be  asked,  will  these  waters  from  Wales  or  Cumberland  reach  tho 
metropolis  in  this  colourless,  transparent,  and  soft  condition  after 
passing  through  a  conduit  from  180  to  280  miles  in  length  ?  Let  mo 
tell  yon  what  I  conceive  will  be  the  effect  of  such  a  conduit  upon  tho 
water.  For  the  first  two  or  throe  years  a  certain  amount  of  limo  from 
the  surface  of  the  cement  in  tho  conduit  will  dissolve  in  the  water, 
communicating  at  first  an  amount  of  hardness  probably  not  exceeding 
5°  ;  this  effect  will  gradually  subside,  and  after  two  or  three  years  tho 
water  will  be  delivered  in  London  in  a  slightly  better  condition  than 
that  in  which  it  leaves  tho  storage  reservoirs — a  slightly  better  con- 
dition because  it  will  be  somewhat  better  aerated  than  when  it  starts 
on  its  journey.  At  the  present  moment  tho  wator  of  Loch  Katrine 
passes  through  a  conduit  26  miles  long,  and  I  have  lately  carefully 
taken  its  hardness  as  it  leaves  the  lake  and  as  it  is  delivered  to  con- 
sumers in  Glasgow.  Its  hardness  on  delivery  in  Glasgow  is  only 
0*3°,  oxactly  the  same  as  in  the  lake,  and  its  transit  through  26 
miles  of  conduit  has  therefore  added  no  hardening  constituent  to  tho 
water.  Now,  if  26  miles  of  conduit  fail  to  alter  the  hardness,  I  can 
only  conclude  that  180  or  even  280  miles  of  conduit,  if  properly 
constructed,  will  also,  after  the  lapse  of  a  fow  years,  be  equally  incom- 
petent to  produce  any  substantial  increase  in  tho  hardness.  At  the 
time  the  above  experiments  wore  made,  Loch  Eatrino  water  had 
flowed  through  tho  conduit  for  seven  years. 

These  are  the  principal  points  I  have  to  bring  before  you  in  con- 
nection with  the  proposed  supply,  and  as  a  summary  of  the  chemical 
investigation  of  tho  present  water  supply  on  the  ono  hand,  and  of  tho 
samples  furnished  by  the  Welsh  and  Cumberland  districts  on  tho  other, 
I  may  state  the  following  conclusions  to  which  these  investigations 
have  led  me : — 

1.  Tho  present  water  supply  of  the  metropolis  is  largely  contami- 
nated with  sewage.  Both  analysis  and  statistics  concur  in  the  state- 
ment that  each  glass  of  Thames  water  taken  from  tho  river  by  tho 
compauies,  contains  one  tea-spoonful  of  sewngo. 

2.  Although  tin's  sewage  is  generally  to  a  great  extent  oxidized 
before  tho  delivery  of  the  water  in  London ;  yet  there  is  no  guaruiitco 
whatsoever  that  all  its  noxious  qualities  arc  removed,  becauso  these 
noxious  qualities  are,  in  all  probability,  contained  in  tho  mechanically 
suspended  and  least  oxidizable  portion  of  the  sewago. 
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3.  The  river  water  supplied  in  London  is  often  very  imperfectly 
filtered ;  and  thus  even  the  visible  suspended  matters  of  sewage  are  not 
wholly  excluded  from  the  water  supply.  Only  on  one  occasion  during 
the  whole  year  18G7,  have  I  obtained  a  transparent  faun  pie  of  water 
from  the  South  war  k  Company**  mains.  The  Grand  Junction  Com- 
pany's water  was  turbid,  four  times  out  of  twelve,  the  Chelsea  thrice, 
the  Wost  Middlesex.  Landx'th,  and  E;.st  Loudon  each  twice,  out  of  the 
twelve  occasions  when  tho  samples  were  drawn  for  analysis.  The  Now 
Hiver  Company  qloue  delivered  perfectly  filtered  water  during  the 
whole  year. 

4.  The  quality  of  the  water  supplied  to  London  is  greatly  inferior 
to  that  of  any  other  town  in  tho  United  Kingdom.  whoso  supply  I 
have  examined. 

5.  The  distribution  of  water  in  tho  metropolis  still  continues,  with 
but  slight  exceptions,  on  the  intermittent  system,  a  system  which  has 
been  abolished  iu  almost  every  town  of  importance  in  the  United 
Kingdom. 

G.  Tho  water  which  it  isproposed  to  supply  cither  from  tho  Welsh 
or  the  Cuinhcrlitnd  'lislricts  is  of  excellent  quality.  It  is  equal  or 
superior  to  that  supplied  to  any  town  in  Great  Britain. 

7.  The  water  from  each  of  the  proposed  districts  is  extremely  soft, 
pleasant  to  drink,  and  of  good  utration. 

8.  These  waters  have  never  been  contaminated  with  sewage,  and 
ore  therefore  above  all  suspicion. 

9.  Thoy  can  be  distributed  in  the  present  system  of  supply  pipes 
without  any  danger  of  lead  contamination. 

Tho  choice  between  the  present  and  proposed  supply  rests  virtually 
with  the  intelligent  inhabitants  of  the  metropolis.  "Will  you  go  to 
source  of  pure  water  uneontiiininated  with  si:  wage,  or  will  you  eontinu 
the  existing  supply?  I  can  anticipate  your  verdict,  but  you  must  not 
delay  to  record  it.  These  splendid  sources  now  available  will  not 
remain  much  longer  within  your  reach. 

In  conclusion,  I  beg  to  quote  tho  opinion  of  one  of  our  highest 
medical  authorities  on  the  dangers  of  sewage- contaminated  water. 
Unpleasant  as  the  theme  may  be,  thin  opinion  is  in  the  highest  degree 
deserving  the  earnest  attention  of  every  individual  who  bus  progressed 
beyond  (lie  state  of  savagery.  In  his  Ueport  on  the  Cholera  Visitation 
of  186G,  Mr.  Simon,  the  medical  officer  of  the  Privy  Council,  says : — 
"  It  cannot  he  too  distinctly  understood  that  tho  person  who  contracts 
cholera  in  this  country  is  ipto  facto  demonstrated  with  almost  absolute 
certainty  to  have  been  exposed  to  exeremental  pollution;  that  what 
gave  him  cholera  wiis  (mediately  or  immediately)  cholera-con tagimn 
discharged  from  another's  bowels;  that,  in  short,  tho  diffusion  of 
cholera  among  us  depends  entirety  upon  the  numberless  lilthy  facilities 
which  are  let  exist,  and  especially  in  our  larger  towns,  for  the  fouling 
of  earth  and  air  and  water,  and  thus  secondarily  for  the  infection  of  man, 
with  whatever  c.mtagiimi  may  he  contained  in  the  miscellaneous  out- 
flowings   of  the   population.      Excrement- sod  don    earth,    cxeroment- 
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reeking  air,  oxercment-tainted  water,  these  are  for  us  the  causes  of 
cholera.  That  they  respectively  act  only  in  bo  far  as  the  excrement 
is  cholera-excrement,  and  that  eholcra-oxcrcraent  again  only  acta  ill  so 
far  aa  it  contains  certain  microscopical  fungi,  may  be  the  truest  of  all 
true  propositions ;  but  whatever  be  their  abstract  truth,  their  separate 
application  is  impossible.  Nowhere  out  of  Laputa  could  there  be  serious 
thought  of  differentiating  excicmeiital  performances  into  groups  of  diar- 
rhceal  and  healthy,  or  of  using  the  highest  powers  of  the  microscope  to 
identify  the  eylindro-tamium  for  extermination.  It  is  excrement,  indis- 
criminately, which  must  bo  kept  from  fouling  us  with  its  decay. 

"And  tli us  it  is  that  my  practical  advice  remains  substantially  what  it 
has  been  for  years.  The  local  conditions  of  safety  are,  above  all,  these 
two  : — (1)  that,  by  appropriate  structural  works,  all  the  excremontal 
produce  of  the  population  shall  be  so  promptly  and  so  thoroughly 
removed,  that  the  inhabited  place,  in  its  air  and  soil,  shall  be  abso- 
lutely without  fiM-al  impurities  ;  and  (2  >  that  the  water  supply  of  the 
population  shall  bo  derived  from  such  sources,  and  conveyed  in  such 
channels,  that  its  contamination  by  excrement  is  impossible, 

"  What  good  results  are  got  even  by  rough  approximation  to  those 
sanitary  standards  bas  already  been  abundantly  shown  here.  The  way 
in  which  the  southern  districts  of  London,  with  their  three-fourths  of 
a  million  of  population,  have  gradually  gained  comparative  immunity 
from  cholera  in  proportion  as  their  two  water  companies  have  ceased  to 
distribute  sewage-tainted  water  among  them,  is  a  matter  of  familiar 
history. 

"  That  cholera  is  still  a  terror  to  Europe  shows  how  scantily  such 
illustrations  are  yet  understood.  Even  here  in  England  the  objects 
which  I  have  named  as  essential  are  at  best  but  rarely  fulfilled  ;  indeed 
for  vast  numbers  of  our  population  scarcely  rudimentary  endeavours 
have  been  mode  to  attain  them.  Town  after  town  might  Iw  named, 
with  myriad  on  myriad  of  population,  where  there  is  little  more 
structural  arrangement  for  the  removal  of  refnso  than  if  tho  inhabitants 
were  but  tented  there  for  a  night.  Tho  case  of  tho  water  supply  is  no 
bettor :  my  reports  are  incessantly  showing  tho  too  frequent  foulness  of 
private  supplies ;  while,  as  regards  public  water  supplies,  tuch  (is  gene- 
rally are  in  the  linntlt  of  rommirrial  romjitiiuifi,  it  has  again  and  again 
been  shown  (and  seldom  more  pointedly  than  in  the  prcsont  volume), 
that  their  conveniences  and  advantages  are  countervailed  by  dangers 
to  life  on  a  scale  of  gigantic  magnitude,  unless  those  who  administer 
the  supplies  act  under  a  very  deep  sense  of  responsibility. 

"  Cholera,  ravaging  hero  at  long  intervals,  is  not  Nature's  only  retri- 
bution for  our  neglect  in  such  matters  as  are  in  question.  Typhoid 
fever  anil  much  endemic  diarrhoea  are,  as  I  have  often  reported,  inces- 
sant witnesses  to  the  same  deleterious  influence  ;  typhoid  fever  which 
annually  kills  some  15,000  to  20,000  of  our  population,  and  diarrhoea 
which  kills  many  thousands  besides.  The  mere  quantity  of  this  wasted 
life  is  something  horrible  to  contemplate,  and  tbe  modo  in  which  the 
waste  is  caused  is  surely  nothing  less  than  shameful.      It  is  to  he 
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hoped  that,  as  the  education  of  tho  cormtry  advances,  this  sort  of  thing 
will  come  to  an  end  ;  that  so  much  preventable  death  will  not  always  bo 
accepted  an  a  fate ;  that  for  a  population  to  ho  thus  poisoned  by  its  own 
excrement,  will  eomo  day  be  deemed  ignominious  and  intolerable." 
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GENERAL  MONTHLY  MEETING, 

Monday,  April  6,  1868. 

Colonel  Philip  James  Tobke,  F.B.S.  Vice-President,  in  tho  Chair. 


Donald  Nicoll,  Esq, 
Chiirles  !\.iiili(.:iti'iL,  Esq. 
Arcliibald  Gilchrist  Potter,  Esq. 
Sir  George  It.  Prescott,  Bart. 
Sir  Henry  Thompson,  F.R.C.S. 


Bichard  Melvillo  Beachcroft,  Esq. 

Matthew  Boulton,  Esq. 

Mrs.  Cattley 

Roger  Eykyn,  Esq.  M.P. 

■William  Millar,  Esq. 

Charles  Henry  Mills,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

Peter  Henry  Borthon,  Esq. 

was  admitted  a  Member  of  tho  Boyal  Institution. 

The  special  thanks  of  the  Members  wore  returned  for  tho  following 
additions  to  "  tho  Donation  Fund  for  the  Promotion  of  Experimental 
lusi'itrulics"  : — 

T.  Williams  Helps,  Esq.  (3rd  Donation) £10. 

Tho  Presents  nri  ivnl  since  the  last  Meeting  wore  laid  on  the  table, 
and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 
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Journal  of  Gas-Lighting  for  March,  1868.    4ta 
Mechanics'  Magazine  for  March,  1868.    8va 
Pharmaceutical  Journal  for  March,  1868. 
Photographic  News  for  March,  1868.    4to. 
Practical  Mechanics'  Journal  for  March,  1868.    4to. 
Berne  des  Coura  Scientifiques  et  Littcraires.    March,  1868. 
Horticultural  Society,  Royal— Proceedings,  No.  10.    8vo.    1868. 

Journal,  No.  5.    8va    1868. 
Jervis,  W.  P.  Esq.  (the  Author)— The  Mineral  Resources  of  Central  Italy.     8vo. 

1868. 
Unman  Society— Journal,  Noe.  43,  44.    8vo.    1868. 
Meteorological  Society— Proceedings,  No.  35.    8va    1868. 
President's  Address.    8vo.    1868. 

jraphic  Society— Journal,  No.  191.    8vo.     186a 
Society  of  London— Proceedings,  No,  99.    8vo.     1867. 
su.  Rev.  Edwin,  M.A. — [Peter  Lombard]  Textus  Scutentiarum  cum  Conclu- 
sionibu8  Henrici  Gorichom.    Basel,  1510.    4to. 
Statistical  Society  of  London— Journal,  Vol.  XXXI.  Part  1.    8vo.     1868. 
Shrachan,  R.  (the  A  uthor)— Principles  of  Weather  Forecasts.    (K  95)    8vo.    1868. 
Sykes,  Colonel,  M.P.  F.RJS.  (the  Author)— Storm  Warnings.    (K  95)    8vo.     18<»7. 
Symons,  O.  J.  Esq.  (the  Author)— -Symons'  Monthly  Meteorological  Magazine, 
March,  1868.    8vo. 
British  Bainfall,  1867.    8vo.    1868. 
TyndaU,  John,  Esq.  LL.D.  FM£.  (the  Author)- Faraday  as  a  Discoverer.    12mo. 

1868. 
White,  William,  Esq.  (the  A  uthor)— Emanuel  Swedenborg:  his  Life  and  Writings. 

8m    1867.  * 

Williams  and  Norgate,  Messrs.— Sketch  of  a  Philosophy:  Part  2.    Matter  and 

Molecular  Morphology.    8vo.    1868. 
United  Service  Institution,  J&>ya!— Journal,  No.  47.    8vo.    1868. 
Yorkshire  (West  Riding)  Geological  and  Polytechnic  Society— Beuort  of  Proceedings, 
1867.    8va    1868. 


WEEKLY  EVENING  MEETING, 

Friday,  April  24,  1868. 

Sib  Hknbt  Holland,  Bart.  M.D.  D.CX.  F.R.S.  President, 

in  the  Chair. 

J.  H.  Gladstone,  Ph.D.  F.R.S. 

On  some  New  Experiments  on  Light. 

The  speaker  commenced  by  referring  to  the  fact  that  we  arc  constantly 
weiring  now  experiments  or  observations  on  light :  in  fact,  all  seeing 
is  but  a  comparison  of  different  degrees  of  light  and  shado,  and  the 
contrast  of  colours.    Most  of  the  rays  that  meet  our  eyes  from  but- 
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rounding  objects  firo  reflectod  rays,  but  some  of  the  commonest  things, 
such  as  tho  water-bottles  and  tumblers  of  cut-glass  on  our  dining 
tables,  exhibit  benivti fully  the  bonding,  the  magnifying,  the  diitiinishing, 
and  the  production  of  coloureil  fringes,  due  to  refraction.  The  purpose 
of  this  discourse  was  to  rise  from  the  simplest  phenomena  of  this  kind 
to  a  consideration  of  Refraction -equivalents,  and  to  describe  the  state 
of  our  present  knowledge  in  regard  to  them. 

By  means  of  the  electric  lamp  it  was  shown  that  a  piece  of  glass, 
or  other  transparent  body,  will  throw  a  perfectly  black  shadow 
if  the  two  surfaces  through  which  the  ray  passes  be  not  parallel; 
that  the  light  is  then  bent  on  one  side,  and  at  the  same  time  spread 
out  into  its  component  colours  :  that  this  bending  (refraction)  varies 
with  the  amount  of  inclination  of  the  two  surfaces  to  one  another,  bat 
in  such  a  way  that  tho  sine  of  the  angle  of  refraction  bears  a  constant 
ratio  to  the  sine  of  the  angle  of  incidence  ;  that,  this  constant  number, 
termed  the  indox  of  refraction,  or  p.,  belongs  only  to  the  one  substance, 
each  solid,  liquid,  or  gas  having  its  own  hides;  that  there  ia  no 
necessary  connection  between  tho  amount  of  refraction  and  the  length 
of  tin.-  spectrum  (dispersion)  causal  l>y  dill'eieut  subsmneos,  whether 
gaseous,  liquid,  or  solid — for  instance,  a  solution  of  an  iodide  always 
disperses  more  than  a  solution  of  the  chloride  of  tho  same  metal,  even 
though  it  be  diluted  to  the  same  amount  of  refraction. 

This  iudei  of  refraction  is  affected  by  change  of  temperature.  In 
liquids,  and  probably  in  all  gases,  tho  bending  decreases  as  the  thermo- 
meter rises  ;  in  solids,  on  the  contrary,  as  lately  shown  by  Fizeau,  the 
change  is  in  the  opposite  direction,  crown  glass  always  remaining  the 
same,  and  fluor  spar  being  the  only  ease  where  he  observed  a  dimi- 
nution. Tliis  ivas  experimentally  demonstrated  in  regard  to  liquids. 
Thus  a  yellow  sodium  ray,  which  had  passed  through  a  hollow  prism 
filled  with  oil  of  nutmeg,  and  thence  through  another  filled  with 
bisalphido  of  carbon,  moved  some  inches  along  the  screen,  when  the 
nutmeg  oil  was  warmed  a  few  degrees  by  stirring  it  with  heated  iron 
wire.  This  index  of  refraction  is  still  more  materially  affected  when 
a  body  passes  from  the  solid  to  the  liquid,  or  from  the  liquid  to  the 
gaseous  condition  ;  a  fact  that  was  illustrated  by  the  visibility  of  the 
water  melted  in  crystalline  spaces  in  the  middle  of  a  block  of  ice. 

The  iudei  of  refraction  of  a  mixture  is  moreover  not  always 
the  mean  of  tho  indices  of  its  constituents.  Thus  a  ray  passed  suc- 
cessively through  two  hollow  prisms  filled  with  equal  quantities  of 
alcohol  and  water  respectively,  fell  on  the  screen  in  a  certain  position; 
but  when  tho  two  liquids  were  mixed  together,  and  divided  between 
the  two  prisms,  the  ray  was  visibly  refracted  to  u  greater  distance. 

These  changes  depend  on  the  alterations  of  voliimo  which  the 
substances  undergo ;  and  the  speaker,  in  conjunction  with  the  Rev.  T. 
Felham  Dale,  had  observed  in  liquids  that  the  index  of  refraction, 

minus  unity,  divided  by  the  density  (in  symbolic  language  a       )  is 

constant  for  all  temperatures,  and  for  all  mixtures,  or  ratlior  that  the 
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coincidence  is  very  clone  but  not  quite  perfect  on  account  of  some 
other  law  not  yet  understood.  This  concilia  ion  bus  been  abundantly 
verified  by  Landolt  of  Bonn,  Kotteler,  mid  Wiillner,  and  the  former 
experimenter  has  founded  upon  it  a  method  of  analyzing  mixtures 
of  liquids. 

This  unchangeable  number  was  termed  the  "specific  refractive 
energy"  of  tho  substance,  and  it  scented  t>.  hold  good  notwithstanding 
a  change  from  the  solid  to  the  liquid  or  the  gaseous  condition.  It  was 
early  observed  that  the  specific  refractive  enemy  of  a  compound  boro 
ft  close  resemblance  to  the  mean  of  the  specific  refractive  energies  of 
its  components.  Landolt,  by  multiplying  this  number  by  tho  chemicaJ 
equivalent,  facilitated  tho  calculation  greatly.  Ho  termed  this  new 
number  the  "refraction-equivalent,"  P^~!  and  proofs  have  rapidly 

accumulated  that  the  number  is  little  affected,  not  only  by  temperature, 
change  of  aggregate  condition,  mixture,  or  solution,  but  even  by  strong 
chemical  combination. 

Thus  diamond,  which  is  crystalloid  carbon,  has  the  refraction- 
equivalent  5-0;  sulphur  has  1(30.  Bisulphide  of  carbon,  C  S,,  which 
is  nearly  the  most  refractive  liquid  known,  should  thii'i  fore  be  repre- 
sented by  5  +  2  x  16,  that  is  37-0.  The  experimental  number  is  37-3. 
But  the  diamond  will  burn  in  oxygen,  and  is  thus  converted  into 
carbonic  anhydride,  while  it  is  possible  to  reduce  this  gas  into  another 
containing  only  half  the  amount  of  oxygen,  namely,  carbonic  oxide. 
The  refraction-equivalents  of  these  gases,  as  deduced  from  Duloug's 
observations,  ore  respectively  10-03  and  7-53 ;  but  the  difference 
between  C  O,  and  C  O  is  ono  equivalent  of  oxygen,  and  the  difference 
between  the  above  uumbors  is  2'5.  This  then  may  bo  taken  as  the 
refraction-equivalent  of  oxygen,  and  subtracting  it  from  CO  =  7-53  we 
have  remaining  C  =  5'03,  practically  the  same  number  as  that  obtained 
directly  from  crystallized  carbon.  Similarly,  but  generally  by  more 
indirect  methods,  it  bos  been  determined  that  this  element,  whether 
pure  as  diamond  or  combined  with  other  elements  to  form  gases  as  the 
above-mentioned,  coal-gas,  or  cyanogen,  or  liquids  as  chloride  of 
carbon,  benzole,  oil  of  turpentine,  alcohol,  or  ether,  or  solids  as 
paraffin,  sugar,  or  camphor,  is  still  exerting  the  same  influence  on  the 
rays  of  light  that  set  its  particles  in  motion,  an  influence  that  we  can 
express  by  the  number  5-0.  Again  to  revert  to  sulphur,  tho  two  salts 
Bulpho-cyauide  and  cyanide  of  potassium— K  8  Cy  and  K  Cy— diffor 
by  one  equivalent  of  this  elcmont,  and  their  refraction -equivalents  as 
determined  from  their  aqueous  solutions  are  respectively  88-4  and 
17-1,  numbers  differing  by  16*3,  a  number  almost  identical  with  that 
reckoned  from  molten  sulphur.  In  this  way  the  refraction-equivalents 
of  a  large  number  of  the  elements  have  been  determined ;  and  the 
following  table  comprises  wliat  seem  the  most  probable  numbers 
among  those  that  have  been  hitherto  published  by  Landolt,  Haagci 
and  Schrauf,  as  well  as  the  speaker :— 
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A  k.mlc  Wf IgbL  p,uiv.knl. 

Cnloriiie         35-5             9*8 

Bromine         80-0            157 

Iodine     127  0  ..  ..  M* 

Oxygen 16'0            3'0 

Sulphur 32-0  ....  18-0 

Carbon 12-0  ....  5-0 

Bilicium 28-0            G*2 

Nitrogen          H"0  ....  41 

I'Losplierua 31-0  ....  18"5 

Arsenic 75'0  ..  ..  16-0 

Antimony       ,  122-0  ,,  ..  25"7 

Vanadium      51'*            25-* 

Sodium 230            49 

Tin         118-0  ..  ..  19-2 

Copper U3'*  ..  ..  11  2 

Mercury         200-0  ..  ..  21-6 

The  above  numbers  arc  reckoned  for  the  red  ray.  Most  of  them 
can  as  yet  claim  to  be  considered  only  us  approximative  ;  and  it  seems 
certain  that  some  elements,  at*  oxygen  and  sulphur,  have  more  than 
one  refraction-equivalent. 

Vanadium,  thungh  included  in  the  al>ove  tables,  has  only  just  been 
determined,  and  that  from  the  oxy-trichlni-ido  ubii.li  I'rui'i ssur  Iioscoe 
exhibited  a  few-  weeks  before.  It  is  interesting,  as  it  supports  hie 
theory  of  the  close  analogy  ••(  pliuspliorus  ami  vanadium,  for  these 
t*o  bodies,  with  sulphur,  exceed  «U  others  in  refraction  and  especially 
in  dispersion. 

The  speaker  stated  that  he  was  now  engaged  in  examining  tho 
effect  of  salts  in  solution  on  the  rays  of  light,  and  that  he  hoped  to 
determine  in  this  way  the  ivfraetion-eqiiivaleiits  not  only  of  a  multi- 
tude of  salts,  but  of  tin:  metallic  elements  themselves. 

Bat  the  question  may  be  asked,  "If  a  substance  lias  a  refraction 
compounded  of  the  rofruetiun  of  its  constituents,  how  can  bodies  such 
as  Iceland  spar  have  two  refractive  indices?  "  How  these  are  crystal- 
lino  bodies,  or  if  unerystiillized  they  have  become  doubly  refracting 
by  being  unequally  heated  or  compressed.  In  either  ease  we  may 
suppose  a  diftbrent  amount  of  tension  in  different  directions ;  and  tho 
fact  of  the  t.vo  rays  being  oppositely  polarised  points  to  some  such 
difference  of  molecular'  arrangement.  It  is  easy  to  understand  that 
tbe  change  of  tension  or  internal  structure  may  act  in  tho  same  way 
as  a  change  of  density  iu  modifying  the  Telocity  of  transmitted  light, 
and  therefore  the  amount  of  its  refraction.  But  if  we  take  the  crystal 
Ui  pieces  by  dissolving  it,  there  can  theu  no  longer  be  unequal 
tjnsion  or  inisynuurliical  arrangement  <>f  particles,  and  it  must  have 
one  refraction-equivalent.  And  thin  is  always  Hie  ease.  The  numbers 
deduced  from  Brewster's  observations  of  the  t«*o  rays  of  crystallized 
nitre  are  16-3  and  25'0,  while  tho  equivalent  of  nitre  dissolved  in 
water  is  the  intermediate  number  21-8. 
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i86a] 


Annual  Meeting. 


375 


ANNUAL     MEETING, 

Friday,  May  1, 1868. 

Sib  Hknbt  Holland,  Bart  M.D.  D.C.L.  FJLS.  President, 

in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Visitors  for  the  year 
1867  was  read  and  adopted. 

The  Books  and  Pamphlets  presented  in  1867  amounted  to  131 
Tolnmes,  making,  with  those  purchased  by  the  Managers,  a  total  of 
319  Tolumee  added  to  the  Library  in  the  year,  exclusive  of  periodicals. 

Forty  new  Members  were  elected  in  1867. 

Sixty-three  Lectures  and  Twenty  Evening  Discourses  were  delivered 
during  the  year  1867. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  services  to  the  Institution  during  the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers  for 
the  ensuing  year : — 

President— Sir  Henry  Holland,  Bart.  M.D.  D.C.L.  F.B.S. 
Treasures — William  Spottiswoode,  Esq.  M.A.  F.RS. 
Secretary — Henry  Bence  Jones,  M.A.  M.D.  F.B.S. 


flour  Wollaston  Blake,  Esq.  M.A.  F.R.S. 

Charles  Brooke,  Esq.  M.A.  F.R.S. 

Adm.  Sir  Henry  John  Codrington,  K.C.B. 

Captain  Douglas  Galton,  C.B.  F.R.S. 

John  Peter  Gassiot,  Esq.  F.R.S. 

WilKam   Robert  Grove,   Esq.   M.A.  Q.C. 

F.RA 
Cesar  H.  Hawkins,  Esq.  F.R.S. 
Sir    John    Lubbock,    Bart.    F.R.S.    Pre*. 

Eniom.  Soc 


Managers. 

Sir   Roderick   I.  Murchison,  Bart.  K.C.B. 

D.C.L.  F.R.S. 
William  Pole,  Esq.  M.A.  F.R.S. 
William  Frederick  Pollock,  Esq.  M.A. 
Robert  P.  Roupell,  Esq.  M.A.  Q.C. 
Lieut-Gen.  Edward  Sabine,   R.A.  D.C.L. 

Pres.  R.  S. 
Sir  Charles  Wheatstone,  D.C.L.  F.R.S. 
Colonel  Philip  James  Torke,  F.RS. 


Andrew  Whjte  Barclay,  M.D. 

Charles  Beeror,  Esq.  F.R.OS. 

John  Ashton  Bostock,  Esq. 

John  Charles  Burgoyne,  Esq. 

Rer.  Charles  Fynes  Clinton,  M.A.  F.R.G.S. 

Alfred  Daris,  Esq. 

William  Dell,  Esq. 

Rer.  G.  Godwin  Pownall  Glossop,  A.M. 


Visitors. 

Alfred  Gutteres  Henrique*,  Esq. 

Edward  Henry  Moscrop,  Esq. 

William  Newmarch,  Esq.  F.RJ5. 

Arthur  Giles  Puller,  Esq.  M.A.  FJS.A. 

Samuel  Scott,  Esq. 

Edward  Owen  Tudor,  Esq.  FJS.A. 

Robert  Ballard  Woodd,  Esq.  F.S.A.  F.R.BS. 
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WEEKLY  EVENING  MEETING, 
Friday,  May  1, 1868. 


Sib  Hsnby  Hollabp,  Bart.  M.D.  D.C.L.  F.R.8.  President, 

in  I  lie  Chair. 


Fbanoib  T.  Palgbaye,  Esq. 


Sow  to  form  a  Good  Taste  in  Art. 

Duhdig  the  last  hundred  years  the  Fine  Arts  have  beoa  successfully 
practised  in  England,  and  now  hold  a  great  and  increasing  place  is 
our  interests.  Good  taste  in  judging  art  is  therefore  a  matter  of  some 
value.  Tho  popular  view  is,  howover,  that  Taste  is  not  subject  to 
rules.  Tho  proposition  now  advocated  is,  on  the  contrary,  that  Taste 
is,  like  all  other*  matters  of  human  knowluilyo,  an  educated  natural 
bias ;  that  practically  Taste  is  knowledge.  U hat  such  knowledge 
leads  to  is,  not  identical  judgments,  hut  judgments  founded  on  rational 
rules  ;  not  uniformity,  but  unity  of  taste. 

Three  main  practical^  applications  of  such  knowledge  cousidered, 
corresponding  to  the  main  elements  which  form  tho  interest  of  works 
of  art: — 

I.  Knowledgo  of  natural  fact. 

II.  Knowledge  of  the  material  conditions  of  each  art,  and  of  the 
chief  phases  of  thought  or  emotion  or  sentiment  which  are  expressed 
by  art. 

These  branches  of  knowledgo  are,  at  the  same  time,  those  which 
the  artist  himself  should  possess.  Reasons,  howevor,  why  tho  artist 
is  not  generally  the  beat  judge  of  air. 

III.  Knowledge  of  the  historical  conditions  under  which  works 
of  art  have  been  produced. 

Results  of  these  forma  of  knowledge  in  forming  a  correct  and 
rational  taste.  Such  a  taste  will  greatly  increaso  our  sense  of  that 
which  is  the  object  of  all  the  Fine  Arts — high  and  lasting  pleasure. 
It  will  also  bo  a  large  and  comprehensive  teste,  free  from  fastidious- 
ness and  petty  egotistic  judgments.  Tho  more  accurately  we  enjoy, 
the  more  deeply  we  enjoy.  We  lovo  inoro  things,  tho  more  wisely  wo 
love. 


, 
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GENEBAL  MONTHLY  MEETING, 

Monday,  May  4, 1868. 

Sib  HsNBir  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 
in  the  Chair. 

The  following  Vice-Presidents  were  nominated   for  the   ensuing 
yew:— 

William  Bobert  Grovo,  Esq.  F.Q.C.  F.E.S. 
Lieut.-Gen.  E.  Sabine,  E.A.  Pros.  E.8. 
Sir  Bodorick  I.  Murohisun,  Bart.  K.C3.  F.B.S.  and 
William  Spottiswoode,  Esq.  F.B.S.  the  Treasurer. 


William  Anderson,  Esq.  LL.D. 
Captain  N.  D.  C.  F.  Douglas, 
Frederick  Green,  Esq. 
Swann  HurreU,  Esq. 

John  Edward  Taylor,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

WUBam  MiBar,  Esq. 
was  admitted  a  Member  of  the  Boyal  Institution. 

The  following  Professors  were  re-elected : — 

John  Tyndall,  Esq  LL D.  F.BS.  as  Professor  of  Natural  Philosophy. 

Edwabd  Fbankland,  Esq.,  Ph.D.  F.B.S.  as  Professor  of  Chemistry. 

The  Puebkntb  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  fur  the  same,  viz. : — 


Aaadimie  Imperial*  <U  Moletine,  Paris — Bulletins,  tome  33.  No.  6.     Svo.     18G8. 

Adaariet,  ln*titutt  ••/    .JounuJ.  No.  71.     8vo.     1SU8. 

Atiraittntticat  Xi-i-ti,,  li.^il-  11- ml.lv  Nolkes,  Vol.  XXVIII.  No.  C.     8?o.     18u8. 

BrlQique,  AraitSmir  Ii„i,nlr  ill—  [iiilMin*,  lump  24.     Svo.     1867. 

Bntith  ArthtMf.  /.WW  luttiivt.-  ./-tt-^ii.ii.il  I'apers.      Ito.     1867-8. 

I  'luimirul  >k»i<ty     .(..iinmL  Cur  April,  ISfiS.     Svo. 

Hunt  India  Aimciation— Journal.  Vol.  11.  No,  1.     Svo.     1SU8. 


878  Mr.  Greviae  William*  on  the 

Editors— Artizan  for  April,  1868.    ilo. 

Atheumnm  for  April,  1868.    4to. 

Britiali  Journal  of  Photography  for  April,  1868.    *to. 

Clieinionl  News  for  ,\|.nl,  1868.    4to, 

Engineer  for  April,  1808.    foL 

Geological  and  Natural  History  Repository.     April,  1808.     8vo. 

HorologlLfil  Journal  for  April,  1868.     8vo. 
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0.  Geevillb  Williams,  Esq.  F.R.S. 

On  the  Artificial  Formation  of  Organic  Sabntantei. 

Chemtoal  researches  are  liable  at  various  epochs  to  take  special 
directions.  Before  1830  organic  ehi-mistiy  was  comparatively  little 
studied.  The  simplification  of  the  met  Ik.  ids  of  organic  analysis  by 
Liebig  took  place  at  a  most  opportune  moment,  and  gave  an  extra- 
ordinary impetus  to  the  study  of  carbon  compounds.  So  great  was 
this  influence  that  proximate  and  ultimate  analysis  made  a  progress 
the  rapidity  of  which  was  unexampled  in  the  history  of  science. 

But  chemists  soon    be<«mo  dissatisfied  with  merely   determining 
the  composition  of  subsbmocs,  and  they  very  soon  began  eagerly  to 
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study  their  products  of  decomposition,  and  in  this  manner  get  a  clue 
to  the  way  in  which  nature  had  put  them  together. 

The  successful  attach  on  this  problem  led  to  a  much  grander  one 
suggesting  itself.  This  was  to  utilize  the  insight  analysis  had  gives 
them  into  the  coustitutiu a  of  substances,  and  to  endeavour  to  build  them 
Up  without  the  assistance  of  life.  The  speaker  showed  that  we  thus 
arrive  at  the  two  great  engines  of  chemical  research,  analysis  and 
lynthesit. 

lie  then  proeeedod  to  define  and  illustrate  experimentally  these 
terms. 

In  organic  chemistry  the  information  supplied  by  the  Analysis  of  a 
substance  often  renders  its  synthesis  easy.  Water  was  decomposed  by 
a  battery,  and  its  properties  and  quantitative  relations  shown.  The 
mixed  gases  were  then  introduced  into  a  soap-bubble,  so  prepared  as 
to  last  a  considerable  time.  It  was  by  a  simple  contrivance  attached 
to  a  thread,  ami  the  lightness  of  the  enclosed  gases  was  shown  by  the 
fact  that  the  bubble  was  able  to  raise  the  thread  and  a  disc  of  paper 
into  the  air.  The  energy  with  which  the  mixed  gases  combine  to 
form  water  was  then  shown  by  applying  a  light  to  the  bubble,  whon 
it  burst  with  a  loud  report.  Tin-  ijnniitiiadvc  synthesis  of  water  was 
experimentally  shown  by  paving  ojnbogm  nR  cupric  oxide  in  an 
apparatus  which  allowed  of  the  collection  of  the  w-ater.  It  was  then 
shown  that  in  organic  eheiniKtry  the  molecules  are  generally  too  com- 
plex to  be  put  togethor  so  easily;  and  this  statement  was  proved  hy 
reference  to  the  constitution  of  metbylamino,  the  simplest  of  the 
organic  alkaloids. 

The  speaker  then  went  somewhat  fully  into  the  question  of  the 
propriety  of  the  use  of  the  terms  "  organic  "  and  "  inorganic."  He 
showed  also  that  all  the  attempts  liitlurtumade  at  separating  chemistry 
into  two  distinct  branches  had  failed.  Liebig's  definition  of  organic 
chemistry  as  the  "  chemistry  of  compound  radicles  "  being  obviously 
inadequate,  inasmuch  as  some  compound  radicles  (such  as  sulphury  1 
and  phosphoryl)  arc  certainly  inorganic. 

Laurent's  definition,  "chemistry  of  carbon,"  is  equally  insufficient, 
inosmneh  as  carbonic  anhydride  and  carbonic  tetrachloride  are  as 
clearly  inorganic  as  sulphuric  anhydride  or  sodic  chloride.  He  then 
proceeded  to  argue  that  chemistry  was  "  one  and  indivisible,"  and 
stated  that  one  of  the  chief  aims  of  his  discourso  was  to  prove  that 
assertion. 

It  was  shown  that  until  within  the  last  few  years  all  the  specific 
attempts  mode  to  break  the  apparently  natural  barriers  between  organic 
anil  inorganic  chemistry  hud  proved  failures. 

It  was  true  that  in  the  course  of  the  innumerable  researches  and 
experiments  made  by  cht  mists,  one  or  two  of  the  simple  organic  bodies 
hail  presented  themselves;  but,  like  urea  and  cyanogen,  they  were 
substances  which,  as  it  were,  hovered  on  the  confines  of  inorganic 
chemistry,  anil  would  have  been  called  inorganic  had  they  not  con- 
tained uirl»<n. 

Tin   grand  problem,  which  camuted  in  taking  the  dements  them- 
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selves,  and  building  them  up  gradalim  into  the  proximate  principles 
existing  in  the  tissues  of  plants  ami  animals,  until  lately  appeared 
almost  hopeless.  This  apparent  difficulty  was  shown  to  arise  from 
the  mistake  of  supposing  the  proximate  principles  of  aaimals  and 
vegetables  to  result  from  an  occult  power  vaguely  termed  the  "  vital 
force."  It  was  at  one  time  supposed  that  the  laws  which  regulate 
combination  were  either  suspended  or  modified  in  the  tisanes  of  living 
creatures,  but  tho  speaker  urged  that  whenever  tbo  proper  reagents 
were  made  to  act  upon  each  other  under  the  proper  conditions,  the 
same  substances  were  produced  which  at  one  time  were  supposed  to 
require  the  aid  of  vitality  for  their  formation. 

The  problem  of  tbo  "  synthesis,"  or  building  up  of  tho  60-calIed 
orgaiuo  substances,  was  then  shown  to  present  itself  (in  the  present 
etato  of  chemistry)  under  two  aspects  : — 1st.  Where  they  are  prepared 
by  the  aid  of  reagents,  which  have  themselves  been  produced  directly 
or  indirectly  from  animals  or  vegetables.  2nd.  Where  the  synthesis 
was  effected  from  the  free  elements  themselves,  from  hydrogen  and 
pure  carbon. 

The  speaker  then  proceeded  to  enumerate  some  of  the  principal 
instances  where  substances  originally  derived  from  animals  or  vege- 
tables had  been  formed  synthetically.  Welder's  synthesis  of  urea 
was  shown  to  be  one  of  the  earliest  in  point  of  date,  and  his  method 
was  described,  nud  also  Kolbe's  new  process  by  tho  mere  beating  of 
Amnionic  carbonate  to  a  point  just  below  that  at  which  urea  is  de- 
composed. 

One  of  the  nest  most  important  steps  in  the  history  of  synthesis 
was  shown  to  be  the  conversion  of  carbonic  disulfide  into  carbonic 
tetrachloride  or  pei'chJuriiiHted  marsh  gas.  Inasmuch  as  carbonic 
disulphide  is  a  purely  inorganic  body,  it  is  evident  that  any  substauco 
which  can  bo  formed  from  it  is  a  case  of  true  synthesis. 

The  following  equations  represent  the  steps  by  which  acetic  acid 
may  be  produced  from  carbonic  disulphide  : — 

CS,  -f-  6C1,  =  CC1,  +  2CSCL.) 


2(001.)  =  0,01.  +  201, 


. 


C.C1,  +  01,  =  0,01, 


0,01,  +  2(H,0)  -  C,HC1,0,  +  3(HC1) 


CHC1.0,  +  3H,  =.  C,E.O,  -f  3HC1 
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This  important  series  of  reactions,  then,  result  in  the-  production 
of  acetic  acid,  one  of  the  most  marked  of  the  so-called  organic  acids, 
from  purely  inorganic  materials. 

The  synthesis  of  oxalic  acid  by  the  direct  anion  of  carbonic  an- 
bydrido  with  sodium,  as  recently  accomplished  by  Dr.  Drechsel,  was 
next  described,  and  it  was  shown  that  as  oxalic  acid,  by  mere  distil- 
lation, yields  formic'  acid,  tin1  synthesis  of  the  first  acid  leads  directly 
to  a  new  synthesis  of  the  second. 

The  other  modes  of  effecting  tho  synthesis  of  formic  acid  were 
then  pointed  out,  vis. : — Bcrthelot's  process,  which  consists  in  heating 
potassic  hydrate  in  an  atmosphere  of  carbonic  oiide  ;  and  Kblbe  and 
Schmidt's  method,  by  exposing  potassium  to  a  warm  moist  atmosphere 
of  carbonic  anhydride. 

The  speaker,  iu  the  course  of  bis  remarks  on  tbo  constitution 
of  formic  acid,  showed  that  tbo  quantity  of  oxygen  in  it  was  so  largo 
that  it  only  required  one  atom  more  to  convert  it  into  carbonic  acid 
and  water.  Its  easy  oxidation  was  illustrated  by  letting  it  fall  on 
plumbic  dioxide  in  an  apparatus  which  caused  tho  evolvod  gas  to  pass 
into  a  solntion  of  baric  hydrate,  the  result  being  a  copious  precipi- 
tation of  baric  carbonate. 

Having  shown  that  acetic  acid  can  be  formed  from  carbonio 
ilisnljiliitl:  iiin)  thi'  i-iilnriikis  of  carbon,  and  oxalic  and  formic  acids 
from  the  oxidis  of  curb"ii,  tliu  speaker  proceeded  to  indicate  the  modes 
in  which  complex  bodies,  hitherto  obtained  from  animal  and  vegetable 
sources,  can  be  built  up  from  elemental  carbon  and  hydrogen. 

If  carbon  can  only  be  made  to  combine  directly  with  hydrogen, 
no  matter  how  simple  the  resulting  compound  may  be,  it  becomes 
possible  to  effect  the  synthesis  of  a  vast  number  of  the  most  character- 
istic substances  found  in  animals  and  vegetables. 

This  brilliant  result  has  been  accomplished  through  the  agency  of 
acetylene,  a  most  remarkable  hydrocarbon  which  was  first  noticed  by 
Edmund  Davy  as  long  ago  as  1836. 

There  are  two  methods  by  which  acetylene  can  bo  formod  from 
inorganic  materials— one  devised  by  Borthclot,  and  tbo  other  by  tbo 
speaker.  Tho  first  consists  in  passing  a  stream  of  hydrogen  through 
a  globe  in  which  the  voltaic  arc  (from  70  or  80  cells  of  a  Grove's 
battery)  i"  produced  between  carbon  points.  At  this  tremendous 
temperature  the  carbon  unites  directly  with  tho  hydrogen.  The 
experiment  was  made,  and  tho  production  of  acetylene  shown,  by 
the  formation  of  a  precipitate  in  a  solution  of  ammoniacol  cuprous 
eliloride. 

The  speaker  then  showed,  experimentally,  that  much  larger  qiian. 
titics  of  acetylene  can  be  formed  by  the  decomposition  by  the  in* 
d  action  spark  of  carbonic  tetrachloride  in  presence  of  hydrogen,  in 
accordance  with  the  equation  : —  . 

2(CC1.)  +  EH,  =  C.H,  +  8(HC1). 
Tho    experiment    succeeded    jierfectly,    and    a   largo  quantity   of   tho 
cuprous  acetylido  was  rapidly  produced. 
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But  the  most  simple  and  ready  means  of  preparing  ocetylc 
shown  to  be  by  drawing  air  through  the  flamo  of  ft  common  glues 
spirit-lamp,  by  menus  of  au  aspirator.  So  readily  is  the  cuprous 
precipitate  obtained  by  this  means,  that  it  suffices  to  draw  a  few  cubic 
centimetres  through  the  solution  of  amnioniaeal  cuprous  chloride  to 
obtain  evidence  of  the  presence  of  acetylene  in  the  flame.  The  ex- 
periment was  then  made,  and  in  a  few  seconds  the  solution  became 
thick  with  the  suspended  precipitate. 

The  speaker  hud  ascertained  that  all  the  homologies  of  olefiunt  gas 
give  acetylene  in  abundance  when  subjected  to  the  induction  spark. 
Amyleno  does  it  readily  in  accordance  with  the  annexed  equation : — 

2(0^,.)  =  6(C,H.)  -f  BH,. 


,,,vl.,., 


That  the  spark  acted  only  in  consequence  of  its  high  temperature,  the 
Speaker  said,  is  rendered  prubalile  by  the  fact  that  if  hydrogen  be 
passed  through  carbonic  til rail d"iido,  and  thon  into  a  globe  con- 
taining a  platinum  spiral,  when  tho  latter  was  heated  to  dull  redness 
by  three  cells  of  a  Grove's  battery,  no  acetylene  was  produced  ;  but 
when  five  cells  were  used,  and  the  spiral  became  white  hot,  the  cuprouB 
precipitate  was  obtained  readily.  The  same  result  was  stated  to  occur 
with  amylene. 

Simple  as  the  formula  of  acetylene  is,  almost  all  the  animal  and 
vegetable  substances  which  have  been  formed  by  pure  synthesis  may 
be  obtained  from  it. 

The  following  I'qualinu.-j  ivpivwnt  the  steps  by  which  alcohol  may 
bo  "  synlhesisod."  It  is  proper  to  premise  that  the  conversion  of 
acetylene  into  olehaut  gas  is  accomplished  by  treating  the  cuprous 
acctylido  with  zinc  and  ammonia,  so  us  to  obtain  nascent  hydrogen: — 

C.H,  +  H,  =  C.H, 

AMlylent.  Elhjlaip. 

C,H,  +  E^O.  =  H,  CH.S0, 

Ethyl™  Ethyl  sulphuric 

H,  CASO,  -f  HaO  =  C.B^O  -f  H.SO, 

ElhyUulphurlc  AkiiboL 

The  synthesis  of  succinic  acid  from  acetylene  was  next  shown  i 
accordance  with  the  annexed   equations,  omitting   the  synthesis  of 
ethylene,  which  has  been  already  given : — 

OH,  +  Br,  =  C,H,Br, 
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■  2(KCN)  =  C,H,(CN),  -f  2{KBr) 

dtcyuiide. 

CA(CN),  +  2(KH0)  +  2(H,0)  =  C.H.K.O.  +  2(NH.) 

Elhylrnic  Pollliak- 

dlcfuiilll-.  eUCCUHW. 

This  mode  of  effecting  the  synthesis  of  succinic  acid  is  duo  to  the 
researches  of  Maxwell  Siinpson. 

The  beautiful  appearaneo  of  succinic:  aeiil  under  the  influence  of 
polarized  light  was  shown  by  the  aid  of  the  electric  lamp.  The 
specimen  used  had  been  artificially  prepared. 

The  speaker  then  proceeded  to  show  that  the  synthesis  of  succinic 
acid  was  a  direct  step  to  that  of  tartaric  acid.  This  latter  reaction  is 
due  to  the  researches  of  Perkin  and  Duppa. 

The  artificial  formation  of  succinic  acid,  starting  with  acetylene, 
having  been  proved,  it  is  only  necessary  to  start  with  that  acid  to 
prove  tho  synthesis  of  tartaric  acid  from  acetylene  : — 
C,H.O.  +  2Br.  =  C.H.Br,0,  -f  2HBr 


C,H,Ag,Br,0.  +  2(H,0)  =  C.H.O,  +  2(AgBr) 


Tho  speaker  next  proceeded  to  show  how  tho  synthesis  of  tbo 
organic  alkaloids  could  lie  effected  from  inorganic  materials. 

In  tho  first  place  the  fact  that  cyanides  can  be  produced  by  heating 
carbon  in  presence  of  nitrogen  and  an  alkali,  is  well  known.  The 
next  step  is  to  procuro  prussic  acid  by  distilling  cyanides  with  acids. 
From  pure  prussic  acid  methyl  am  im,  tin:  simplest  of  the  primary 
monamincs,  can  easily  be  obtained,  either  by  the  aid  of  nascent 
hydrogen,  or  free  hydrogen  in  tho  presence  of  spongy  platinum, 

OHN  -f  2H,  =  CHa  N 

Pnulc  add.  Moll  jbinlne. 

This  equation  has  been  realized  by  both  the  methods  given  above, 
the  first  by  Meudius,  the  second  by  Debus. 

It  is  also  evident  that  as  alcohol  can  be  obtained  from  acetylene, 
that  all  the  ethylic,  primary,  secondary,  and  tertiary  monamines  of 
Hofmann  can  now  be  synthetically  formed.  Tho  stops  being,  (1) 
conversion  of  acetylene  into  olefiant  gas;  (2)  passage  of  oletiant  gas 
into  alcohol ;  (3)  alcohol  into  iodide  of  ethyl ;  (4)  action  of  iodide 
of  ethyl  on  ammonia. 

Again,  acetic  acid,  it  has  boon  shown,  can  bo  prepared  from  car- 
bonic disulphide.  Now  acetic  acid,  by  the  action  of  a  red  heat,  can 
be  made  to  yield  a  number  of  the  homnlogues  of  olefiant  gas.     m" 
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latter  by  treatment  with  excessively  strong  hydriodio  acid,  become 
converted  into  tho  iodides  of  tlie  alcohol  radicals  (Borthelot).  By 
following  up  thin  last  reaction  witb  pentylene,  heptylene,  octylene, 
and  nonylene,  tho  speaker  succeeded  in  obtaining  pentylamine,  hepty- 
laniine,  oetylamine,  and  nnnylamine. 

The  direct  ascent  from  acetylene  to  the  coal  tar  colours  was  then 
shown  according  to  the  following  equations  : — 

8(QA)  =  O.H. 

An.1>lme.         Btniul. 

O.H.  +  HNO.  =  C.H^O,  +  H.0 
C.H.NO,  -J-  G(FeO)  -f-  H,0  =  C,H;N  +  3(FeA) 

.Si;r,.l.n/-.l.  Aniline. 

C.H,Br  -f-  CH.Br  -f  Na,  =  C?H,  +  2NaBr 


C,H;N  +  2(0,11^)  =  CmE„N,  +  3H, 


Tlieso  transformations  were  all  described  at  length.  In  effect 
acetyleno  possod  through  a  red-hot  tube  becomes  polymerized  into 
benzol. 

Tho  passago  of  toluol  into  nitro-tolnol  and  tolnidino  is  omitted  in 
tho  above  equations,  because  (lie  mictions  aro  identical  in  hind  with 
those  of  benzol  into  aniline. 

In  describing  benzol,  experiments  wore  shown  illustrating  1 
density  of  its  vapour  an  compared  with  air.  In  one  of  these,  benzol 
was  poured  into  a  large  lieakcr  containing  a  hot  iron;  at  first  tho 
benzol  assumi'il  the  spheroidal  form,  but,  as  tho  ten:  peril ture  fell,  it 
became  converted  into  vapour,  which  filled  tho  beaker.  A  glass 
syphon  was  then  introduced  info  tho  licakor,  and  tho  vapour  drawn 
off  as  if  it  had  boon  a  liquid,  and  inflamed.  The  vapour  descending 
through  the  syphon  was  then  received  into,  a  warm  beaker,  from  which 
it  was  decanted  into  another  beaker  in  which  it  was  inflamed. 

The  speaker  then  proceeded  to  show  tho  way  in  which  tho  syn- 
thesis of  zinc  ethyl  could  bo  effected;  it  is,  however,  unnecessary  to 
follow  the  equations  in  detail,  because,  having  already  explained  the 
manner  in  which  alcohol  can  be  synthesized  from  acetylene,  it  is  ob- 
vious that  zinc  ethyl  e;tn  be  directly  derived  from  that  fluid. 

Wanklyn's  interesting  synthesis  nf  neotic  mid  from  sodium  methyl 
was  then  shown  to  take  place  in  accordance  with  the  expression : 


CH,Na  -f  CO,  =  C.H^NaO, 


S.] 
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The  method  appears  to  be  general,  inasmuch  as  the  same  cheniis: 
has  effected  the  synthesis  of  propionic  acid : 

C.HjN  +  CO,  »  CHjNaO, 

And,  substituting  carhonie  oride  for  carbonic  anhydride,  we  have — 
2(CH,Na)  +  CO  =  C.H.O  +  2Na 


The  speaker  stated  that  one  of  the  most  interesting  of  the  coses  of 
synthesis  recently  accomplished  was  that  in  which  Mr.  W.  H.  Perkia 
had  succeeded  in  producing  artificially  the  odoriferous  principle  of 
new  hay  and  the  tonqnin  bean. 

The  delicious  fragrance  of  now  hay  is  entirely  due  to  the  presence 
of  the  sweet-scented  vernal  grass,  antlmxanthnm  odoralum.  It  is  the 
same  substance  which  is  the  cause  of  the  sweet  smell  of  the  woodruff, 
aipenda  odoraia;  and  the  nielilot,  mdUotM  i/Jjinimlia.  It  is  also  the 
flavouring  ingredient  in  the  mat  wein  of  the  Germans,  which  is  per- 
fumed with  woodruff. 

Until  lately,  nothing  was  known  about  eouinarin,  except  that  it  was 
tt  colourless  crystalline  body,  having  the  formula— 

C.HA. 

The  crystals  of  coumarin  appear  very  beautiful  under  the  influence 
of  polarized  light.  The  image  of  some  artificial  eoumariu,  which  hail 
been  fused  and  allowed  to  crystallize  in  a  plate  of  glass,  was  then 
thrown  upon  tin-  screen,  and  the  light  being  polarized  by  the  ui J  of 
Nicol's  prisms,  the  crystals  assumed  the  most  gorgcons  and  varying 
colours  as  the  prisms  were  rotated. 

The  clue  to  its  constitution  was  shown  to  bo  the  circumstance  that 
when  heated  with  potassic  hydrate  it  yields  (salicylic  and  acetic  acids. 
The  production  of  salicylic  acid  from  coumarin  was  then  shown,  experi- 
mentally, the  presence  of  the  acid  being  proved  by  its  yielding  a  deep 
purple  coloration  with  ferric  chloride. 

Artificial  coumarin  was  obtained  from  the  hydride  of  salicyl.  By 
treatment  with  sodium  it  yielded  hydride  of  sodium  salicyl ;  this  sub- 
stance, heated  with  acetic  anhydride,  gave  hydride  of  aecto-salicyl. 
This  last  substance  was  then  distijled  with  acetic  anhydride  and  sodic 
acetate,  and  when  tbe  temperature  reached  290'^,  the  distillate  solidi- 
fied to  a  mass  of  crystals  of  pure  coumarin,  having  all  the  fragranco 
and  beauty  of  that  obtained  from  the  tonquin  beau. 

The  ■wnVir  then  nAndtted  that  the  assertion  ho  had  made  at  an 
early  period  of  his  discourse  that  there  was  no  natural  harrier  between 
organic  and  inorganic  chemistry,  bad  l<ccn  amply  proved  by  the  in- 
stances he  bad  brought  forward.  He  said  that  they  had  studied 
together  that  evening  several  cases  where,  starting  from  inorganic 
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matter,  they  had  ascended  step  hy  step  until  they  had  reached  some, 
of  the  must  complicated  bodies  secreted  by  animals  and  vegetables. 
What,  he  said,  could  be  more  distinctly  inorganic  than  mitogen, 
carbon,  and  oxygen  ?  What  more  distinctly  an  animal  secretion  than 
nrea?  What  moro  completely  inorgiinir  than  acetylene?  What  more 
distinctly  vcgi  table  in  origin  than  coumarin? 

Chemists  have  then,  bo  far,  done  what  a  very  few  years  would  have 
been  regarded  aa  possible  only  by  aid  of  the  vital  force.  A  true 
organized  substance,  be  said,  is  so  definite  that  wo  can  almost  invariably 
determine  its  molecular  weight,  and  it,  is  generally  crystalline.  But 
when  we  coine  to  the  tissues  wo  aro  dealing  no  longer  with  organic 
substances,  but  with  organized  being*,  and  wo  feel  that  we  are  ap- 
proaching the  Iwirriers  which  separate  the  study  of  life  from  the  study 
of  matter.  The  bonds  which  unite  them  are  so  close  that  wo  cannot 
imagine  life  without  matter,  and  it  is  equally  difficult  to  concoive  the 
assumption  of  vitality  by  matter ;  but  we  must  never  cooso  to  look 
anxiously  for  the  solution  of  the  problem.  The  impossible  is  a  horizon 
which  recedes  as  we  advance,  and  the  terra  incognita  of  to-day  will  to- 
morrow be  boldly  mapped  upon  cvory  schoolboy's  chart  I 

[C.  G.W.] 


WEEKLY  EVENING  MEETING, 

Friday,  May  15,  1868. 

Sib  Henbt  Holland,  Bart.  M.D.  D.L.C.  F.H.8.  President, 
in  the  Chair. 

Emanuel  Deutbob,  Eeq. 
On  the  Talmud. 

The  speaker  introduced  his  subject  by  alluding  to  the  different  and 
generally  unfavourable  judgments  funned  about  the  Talmud.  Tal- 
mudical  investigators,  he  said,  were  like  those  explorers  sent  by  Muses 
into  the  Holy  Land,  the  majority  of  whom  returned  with  tales  of  iron 
walls  and  monstrous  giants,  while  the  few  came  back  carrying  a  huge 
bunch  of  grapes.  Many  were  the  poetical  similes  suggested  by  that 
strange  work ;  but,  treated  strictly  as  a  book,  thu  nearest  approach  to  it 
was  Hansard.  Like  Hansard,  it  is  a  law-book:  a  collection  of  Parlia- 
mentary debates,  of  bills,  motions,  and  resolutions.  Only  that  while 
the  former  shows  how  the  proposition  gradually  grows  into  an  Act, 
in  the  Talmud  the  Act  is  the  starting-point.  The  discussions  in  tho 
Talmud  merely  seek  to  evolve  the  reasons  for  it  out  of  Seripttire,  of 
which  itself  is  a  development  and  an  outgrowth,  while  at  the  same  time 
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supplementary  paragraphs  are  constantly  evolved  out  of  its  own  legal 
teit.  These  bills  or  acta  are  called  MitAtuA — both  collectively  and 
individually  ;   tin.'  discussions,  Girumra  ;   both  together,  Talmud, 

But  if  Hansard  contains  the  Debates  of  the  Lords  anil  Commons, 
the  Talmud  contains  much  more.  All  those  manifold  Assemblies 
wherein  a  people's  mental,  social,  and  religious  life  aro  considered  and 
developed,  are  here  re  prenyl  ted.  Parliament,  Convocation,  Law-courts, 
Academies,  Colleges,  the  Temple,  and  the  synagogue — nay,  even  the 
Lobby  and  the  Common  Room  havo  left  their  realistic  trace  upon  it. 
The  authors  of  this  book,  who  number  by  hundreds  upon  hundreds, 
were  always  the  most  prominent  men  of  the  people  in  their  genera- 
tion, and  thus  designedly  and  undesignedly  show  the  fullness  of  this 
people's  life  and  progress  at  every  turn.  The  Talmud,  in  this  wise, 
contains — apart  from  the  social,  moral,  criminal,  international,  human 
and  divine  Law — an  account  also  of  the  education,  the  arts,  the 
sciences,  the  history,  and  religion  for  about  a  thousand  years  : — most 
fully  perhaps  of  the  time  inmn -liiit.  ly  pivrcding  and  following  the 
birth  of  Christianity.  It  shows  us  the  teeming  streets  of  Jerusalem, 
the  tradesman  at  his  work,  the  women  in  their  domestic  circle,  the 
children  at  play  in  the  market-place.  The  priest  and  the  Levite  minis- 
tering in  their  holy  rites,  the  preacher  on  the  hillside  surrounded  by 
the  multitudes,  nay,  even  the  story-teller  in  the  bazaar :  they  all  live 
and  move  and  havo  their  boing  in  these  pages.  Nor  is  it  Jerusalem 
or  even  the  hallowed  soil  of  Jmlea  alune,  but  the  whole  antique  world 
that  seems  to  lie  embalmed  in  it.  Athens  and  Alexandria,  Romo  and 
Persia,  their  civilizations  ami  their  religions,  old  and  new,  appear  at 
every  turn.  That  cosmopolitanism  which  fur  good  or  evil  has  ever  been 
the  characteristic  trait  of  the  Jewish  people,  is  must  vividly  reflected  in 
this  book.  One  of  the  most  striking  historical  points  is  their  always 
coming  in  contact— mostly  against  their  will — with  the  most  promi- 
nent nations,  exactly  at  the  moment  when  the  latter  soem  to  have 
reached  the  highest  point  in  their  own  development.  Passing  the 
three  different  stages  of  the  people  as  Hebrews,  Israelites,  and  Jews, 
we  find  them  connected  with  Chaldea,  Egypt,  Phoenicia,  Assyria, 
Babylonia,  Persia,  fi  rcc.ee.  Ifome,  Arabia.  Yet  that  cosmopolitanism 
never  for  one  moment  interfered  with  the  most  marked  mental  indi- 
viduality. There  always  remained  that  one  central  sun,  the  Bible. 
Around  this  ever  revolves  that  great  cosmos,  the  Talmud,  and  from  it, 
as  shown  in  the  Oemara,  the  JSithh.ih  is  K^uHi-n. 

After  briefly  alluding  to  the  "  Siimilii  "  injunctions,  which  had  led 
some  to  invent  the  talc  of  the  Talmud,  as  such,  claiming  to  be  "  in- 
spired"— a  notion  from  which  its  own  authors  would  have  shrunk  with 
horror— tho  speaker  proceeded  to  dwell  more  fully  on  the  "dates" 
of  the  individual  ib'eta  in  the  book :  a  subject  which  seems  to  have 

Sizzled  many  not  fully  acquainted  with  the  nature  of  eastern  tradition. 
othingeau  1*  more  authentic  than  the  memory  of  the  East.  Many  and 
startling  instances  are  offered  by  the  Brahmins  and  the  Parsoe  priests 
who  at  this  moment  without  the  slightest  conception  of  their  contests 
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recite  parrot-like  entire  chapters  of  their  sacred  books  correct  even  as 
to  accent.  But  in  the  Talmud  we  have,  apart  from  the  clearest  and 
moat  irrefutable  evidences  of  witnesses,  all  the  ordinary  internal 
evidences  of  history.  We  have  an  array  of  carefully  preserved  his- 
torical names  and  dates  from  beginning  to  end  ;  names  and  dates  the 
general  faithfulness  and  truth  of  which  have  never  yet  been  called  into 
question.  From  the  Great  Synagogue  down  to  the  linal  completion  of 
the  Babylonian  Gemara,  wo  have  the  legal  and  philosophical  develop- 
ment of  the  nation  always  embodied  as  it  were  in  the  successive  prin- 
cipal schools  nud  men  of  their  times. — After  entering  into  some  his- 
torical aud  chronological  details,  the  speaker  alluded  to  those  ethical 
sayings,  parables,  gnomes,  Ac.,  which  were  the  principal  vehicle  of  the 
common  Jewish  teaching  from  an  almost  prehistoric  period.  However 
sublime  and  tender  and  poetical  their  expression  often  be  in  the 
Talmud,  ho  failed  to  see  anything  surprisingly  new  in  them:  any- 
thing, in  fact,  that  was  not  subs'; mindly  contained  in  the  canonical 
and  uncanonical  writings  of  the  Old  Testament, 

Turning  to  its  authors,  the  speaker  1 .died  upon  the  "  Priests  and 

Pharisees,"  and  hinted  that  the  cry  of  separation  of  Church  and  State 
might  perhaps  be  first  heard  in  the  Talmud,  though  but  faintly. 
The  fact  being  that  the  priests  had  sailly  deteriorated,  as  a  body, 
bright  exceptions  apart,  since  the  days  of  the  Maccabees,  when  thoy 
by  an  accident  suddenly  found  themselves  in  political  power.  From 
being,  as  Moses  had  intended  them  to  lie,  the  receivers  of  the  people's 
free  gifts,  their  messengers  not  mediators— and  their  teachers,  they 
had  become,  chiefly  in  their  upper  strata,  an  encroachiug,  and  at  the 
same  time  ignorant  faction.  Tin-  ordinary  priests  had  mostly  sunk 
into  mere  local  functionaries  of  the  Temple,  while  many  of  the  High 
Priests,  who  in  those  hitter  days  bottijht  their  sacred  office  from  the 
ruling  foreign  power,  had  forgotten  the  very  elements  of  that  Bible 
which  they  had  been  especially  appointed  to  teach.  The  Pharisees, 
on  the  other  band,  in  view  of  tho  clouds  that  they  saw  gathering  round 
the  Common  wealth,  hod  but  one  cry— Education  :  Education  catholic, 
gratuitous,  and  compulsory.  From  one  end  of  the  Talmud  to  the 
other  there  resounds  but  one  echo  :  learn — teach  ;  teach — learn.  Tho 
Priesthood,  the  Sacrifices,  the  Temple,  as  they  all  went  down  at  one 
sudden  blow,  seemed  scarcely  to  leave  a  gap  in  the  religious  life  of 
the  nation.  The  Pharisees  had  long  before  undermined  these  things, 
or  rather  transplanted  them,  into  tho  people's  houses  and  hearts. 
Every  man  in  Israel,  they  said,  is  a  priost,  every  man's  house  a 
temple,  every  man's  table  an  altar,  every  man's  prayer  his  sacrifice. 
Long  before  tho  Temple  fell,  it  had  been  virtually  superseded  by 
hundreds  of  synagogues,  schools,  and  colleges,  where  laymen  read  and 
expounded  the  Law  and  tho  Prophets.  The  priest  as  such,  or  the 
Levite,  played  but  a  very  insignificant  part  in  tho  synagogue  or 
school.  The  function  of  pronouncing  the  "  Benediction  "  on  certain 
occasions  aud  a  kind  of  vague  "  Precedence  "  was  all  that  the 
gogue  had  preserved  of  the  whilom  high  estate  of  these  Aaronit 
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Yet,  on  the  other  hand,  instances  are  not  wanting  of  theso  men,  having 
lost  their  former  privileges,  applying  themselves  till  the  more  vigor- 
ously to  study  and  the  great  national  work  of  Education,  Nor  was 
there  any  real  personal  antagonism  between  tin;  "  pharisaical "  or 
"popular"  party,  and  the  descendants  of  the  "  sacred"  tribe  and 
fninily.  On  the  contrary,  one  of  the  most  cherished  legends — and 
here  aa  usual  the  legend  faithfully  interprets  the  people's  real  feeling 
— tells  us  how,  when  the  enemy  entered  the  Holy  of  Holies,  the 
Priests  and  Levitcs,  led  by  the  High  Priest  himself,  bearing  aloft 
the  gulden  key  of  the  sanctuary,  were  seen  precipitating  themselves, 
with  all  the  tokens  and  emblems  of  their  sacred  trust,  into  the  blazing 
ruins  of  the  Temple — rather  than  deliver  them  up  to  the  conquerors. 

Regarding  that  education  which  the  Pharisees  advocated  so 
strenuously  and  indofatigably,  the  speaker  related  how  they  had  suc- 
ceeded, after  many  unsuccessful  attempts,  to  make  it  compnlsory  all 
over  the  land,  save  Galilee.  Peculiar  geographical  circumstances 
f Samaria,  Phoenicia,  4c. )  had  reduced  that  beautiful  country  to  the 
UtBotia  of  Palestine.  The  faulty  pronunciation  of  its  inhabitants  was 
the  standing  joke  of  the  witty  denizens  of  the  metropolis.  This  state 
of  things,  however,  was  altered  alter  the  fall  of  Jerusalem,  when 
Galilee  in  hor  turn  became  the  scat  of  some  of  tho  moat  exalted 
Academies. 

The  regulations  and  provisions  for  public  instruction  were  ex- 
tremely strict  and  minute.  The  number  of  children  allotted  to  one 
teacher,  the  school  buildings  and  their  sites,  tho  road  even  that  led  to 
them,  everything  was  considered ;  no  less  the  age  of  the  pupils  and 
the  ditties  of  the  parents  with  regard  to  preliminary  preparation  and 
continuous  domestic  supervision  of  their  tasks.  The  subjects,  the 
method,  tho  gradual  weaning  even  of  the  pupil  into  a  teacher  or  help- 
mate of  his  fellow-pupils — all  these  things  are  carefully  exposed  in 
tho  Talmud.  Above  all  is  the  great  principle  Non  mulla  teil  mtdtum, 
the  motto  of  all  schooling  in  the  Talmud.  Good  fundamental 
grounding,  elementary  maimml  teaching,  and  constant  repetition  ore 
some  of  the  chief  principles  laid  down.  The  teachers,  in  most  cases, 
taught  gratuitously  ;  considering  theirs  a  holy  and  godly  office,  for 
which  tho  reward  would  surely  not  fail  them.  The  relation  between 
master  and  disciple  was  generally  that  of  father  and  child,  or  friend 
and  friend.  Next  to  Law,  Ethics,  History,  and  Grammar — Languages 
were  one  of  tho  principal  subjects  of  study.  We  hear  of  Coptic, 
Aramaic,  Persian,  Median,  Latin,  but  above  all  Greek.  The  terms 
in  which  this  last  language  is  spoken  of  verges  indeed  on  the 
transcendental.  This  also  is  the  only  language  which  it  seems  to 
have  been  incumbent  to  teach  even  to  girls.  Medicine  was  another 
necessary  subject  i>f  instruction  ;  tin-  hygienic  laws  and  tho  anatomical 
knowledge  (bound  up  with  religion)  transmitted  to  us  in  the  book 
■BOW  indeed  no  small  proficiency  for  its  time.  Mathematics  and 
astronomy  formed  another  part  of  instruction,  and  were  indeed  con- 
sidered indispensable.     We  hear  of  men  to  whom  the  ways  of  the 
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stars  in  the  skies  wero  as  familiar  as  the  streets  of  their  native  ci)_  _ 
and  others  who  conlil  compute  the  number  of  drops  in  the  ocean,  who 
foretold  the  appearance  of  comets,  Ac.  Next  camo  Natural  History, 
chiefly  Botany  ami  Zoology.  The  highest  point,  however,  was  reached 
in  Jurisprudence,  which  formed  the  most  extensive  and  thoruughly 
national  study. 

The  chief  aim  and  end  of  all  learning—  the  Talmud  is  never  tired 
of  repeating — is  doing.  All  knowledge  is  hut  n  step  to  "  modesty  and 
the  fear  of  heaven;"  and  innumerable  are  the  parables  whereby  this 
lesson  is  inculcated.  After  briefly  adverting  to  Prayers  and  Sermons 
and  the  whole  worship  of  Temple  and  Synagogue  at  the  time  of 
Christ,  the  speaker  turned  to  the  "  political "  portions  of  the  "  Law  " 
under  consideration,  and  pointed  out  how  almost  the  modern  theory 
of  constitutionalism  was  contained  in  it.  He  briefly  touched  upon 
the  relationship  lietwecn  lioyalty,  State,  and  subjects,  and  the  pro- 
visions for  taxes,  for  war,  the  legislative  and  judicial  powers,  &c. 
Both  this,  the  legal,  and  the  other,  the  ethical  part  of  the  book — so 
closely  intertwined  that  they  can  hardly  lie  separated— may  bo  said  to 
grow  out  chiefly  of  one  fundamental  axiom  of  the  Talmud,  tiz.  the 
utter  and  absolute  equality  of  all  mon  and  the  obligation  to  "follow 
God,"  by  imitating  the  mercy  attributed  to  Him  by  Scripture. 

Next  the  speaker  alluded  to  tlie  hely  influence  exercised  by 
womon,  of  whom  the  Talmud  not  only  records  tho  noblest  deeds, 
whom,  even  as  the  Angels  themselves,  it  makes  at  times  the  bearers  of 
most  sublime  thoughts,  liegarding  the  latter,  it  was  shown  at  some 
length  how  both  tboy  and  their  counterparts  the  'demons'  were — 
though  partly  adopted  from  Persian  -jr  rather  Zoroastrinn  metaphysics 
— made  the  vehicles  of  national  Jewish  doctrines.  Indeed,  all  those 
pantheistic  and  dualistie  principles  which  the  people  hail  gathered 
from  the  creed  of  other  nations,  were  transformed  under  the  skilful 
hand  of  tho  Talmud  teal  masters  into  strictly  monotheistic  elements, 
by  being  either  idealized  into  abstract  notions  of  right  and  wrong, 
or  surrounded  by  a  poetical  halo  which  deprived  tiiem  of  any  real 
existence.  Thus  Satan  {Sainmael,  the  "  Primeval  Serpent "),  though 
mytlmlogieally  liis  functions  are  precisely  similar  to  those  of  tho 
Persian  "  Evil  Spirit,"  i.  e.  these  of  Seducer,  Accuser,  and  Angel  of 
Death,  is  yet  explained  away  philosophically  as  meaning  merely 
"  Passion,"  which  seduces,  produces  remorse,  nud  kills.  The  speaker 
adduced  aiming  other  instances  tho  legend  of  Isaac,  in  which  "Satan," 
as  the  Angel  of  Death,  appears  first  as  an  accuser  of  Abraham  (as  of 
Job)  before  God,  next  as  a  seducer  to  Abraham  in  the  garb  of  an 
old  man,  to  Isaac  in  that  of  a  youth,  finally  to  Sarah,  informing 
her  of  the  danger  in  which  her  son  hod  been  placed.  The  speaker 
further  alluded  to  the  legend  of  the  death  of  Moses,  in  which  Satan, 
eager  to  vanquish  tho  "  divino  man,"  is  thwarted  by  God's  Name 
even  to  the  end. 

In  the  same  manner  Asmodeus  (the  Persian  Aeshma),  "  Lilith," 
and  the  rent  of  the  demoniacal  powers,  as  well  as  those  allegorical 
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monsters  the  " Leviathans,"  the  "Cocks,"  the  "Bnlls,"  and  the  rest 
of  the  ever-repeated  reproaches  to  tho  Talmud  (all  of  which  are  taken 
almost  bodily  from  the  Zomlavesta),  have  to  play  their  instructive 
part.  They  are  cither  reduced  into  their  original  meanings  in  tho 
Talmud,  or  they  aro  ridiculed  and  made  to  inculcate  some  moral 
lesson.  On  the  other  hand  the  famous  "Sea  Fairy  Tales,"  taken 
from  Indian  sourcos,  are  inade  into  guises  "f  political,  if  not  religious 
satires. 

After  dwelling  on  the  causes  of  tho  obscurity  of  some  of  the 
matters  found  in  the  Talmud  and  their  apparent  want  of  dignity — 
occasioned  partly  by  the  circumstances  and  the  manners  of  the  period, 
and  partly  by  the  neglect  of  copyists,  and  the  undying  fanaticism 
whichever  tried  to  "improve"  this  important  record  of  humanity — the 
speaker  instanced  the  various  modes  in  which  the  Talmmueal  authors 
figured  to  themselves  the  Messianic  times,  mid  the  utter  and  absolute 
freedom  with  which  they  expressed  their  opinion  on  this  as  on  every 
other  religious  topic. 

Further  remarks  on  the  value  of  the  Talmud  as  a  "  hmnan  study  " 
in  our  days,  and  tho  scientific  manner  in  which  it  should  bo  treated, 
followed.  It  required,  the  speaker  said,  a  certain  system  and  method 
entirely  of  its  own,  being  itself  in  almost  every  respect  an  exceptional 
work.  Ahove  all,  however,  the  investigator  should  not  only  be 
armed  witli  patience  and  perseverance  such  as  is  scarcely  needed  for 
any  other  brunch  of  study,  but  he  must  leave  all  and  overy  prejudice, 
religious  anil  otherwise,  behind  him.  Then,  and  then  only,  might  ho 
hope  to  gather  in  it  some  of  tho  richest  and  most  precious  fruits  of 
human  thought  and  fancy. 

The  legend  of  Elijah  standing  on  tho  mountains  of  Judea  three 
days  before  the  appearance  of  the  Messiah,  proclaiming  peace  and 
redemption  to  all  mankind,  formed  the  conclusion  of  tho  discourse. 

[E.D.] 


WEEKLY  EVENING  MEETING, 

Friday,  May  22,  1868. 

Sia  Henry  Holland,  Babt,  M.D.  D.C.L.  F.R.S.  President, 
in  the  Chair. 

Williaw  Odlino,  M.B.  F.K.S. 

On  tonus  Effect*  of  the  Heat  of  the  Oxy-hydrogen  Flame. 


Chemical  clianges,  whether  of  combination  or  decomposition,  result  in 
the  production  of  new  bodies  which,  under  the  conditions  of  the  chmi^e, 
have  for  the  most  part  a  greater  stability  than  the  original  bodies. 
Oue  evidence  of  this  greater  stability  is  afforded  by  the  develop- 
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mcnt  of  a  quantity  of  heat — tlie  licut  of  chemical  action — from  the  pro- 
duced bodies  having  a  smaller  potential  heat  than  the  original  ones. 

It  results,  both  from  reason  and  experiment,  that  in  order  to  undo 
or  reverse  any  definite  chemical  action,  just  bo  much  heat  must  be 
directly  or  indirectly  expended  as  was  evolved  by  tho  original  action. 

For  tho  same  quantity  of  beat  evolved,  the  resulting  temperature 
varies  with  the  mass  and  kind  of  matter  heated,  and  with  the  rapid  or 
gradual  evolution  of  the  heat. 

When  the  evolution  of  beat  is  instantaneous,  the  residting  tempe- 
rature may  bo  calculated  from  the  quantity  of  heat  evolved,  and  the 
mass  and  specific  heat,  &c,  of  the  matter  heated. 

By  a  unit  of  beat  is  meant  the  quantity  of  heat  necessary  to  raise 
the  temperature  of  one  kilogramme  of  water  one  degree  centigrade,  or 
moro  accurately  from  0"  to  1". 

H. 

Every  18  grammes  of  water  is  a  combination  of  two  1 -gramme 
proportions  of  hydrogen  H,  with  one  lfi-grammc  proportion  of  oxygen 
O  ;  and,  by  the  combination  of  two  grammes  of  hydrogen  with  sixteen 
grammes  of  oxygen,  there  are  developed  68  units  of  beat 

Of  these  C8  units  of  beat,  however,  little  more  than  57  units  are 
really  duo  to  the  chemical  action,— nearly  11  units  of  heat  being 
evolved  by  the  contraction  of  the  original  mixed  gas  into  two-thirds 
its  volume  of  steam,  and  by  tho  further  condensation  of  the  resulting 
steam  into  18  cubic  centimetres  of  water. 

Whilo  the  quantity  of  boat  evolved  by  tho  combination  of  a  given 
quantity  of  oxygon  and  hydrogen  is  invariable,  the  intensity  of  the 
heat  may  vary  from  a  scarcely  recognisable  rise  of  temperature  op  to 
the  highest  temperature  of  the  osy-hydrogen  blowpipe  flame,  capable 
of  fusing  platinum  and  silica. 

A  most  remarkable  effect  of  the  intense  temperature  resulting  from 
the  combination  of  oxygen  and  hydrogen  into  water,  is  the  partial 
decomposition  of  water  into  oxygen  and  hydrogen,  discovered  by  Mr. 
Grove  in  1846. 

At  this  high  temperature,  hydrochloric  acid  and  carbonic  anhy- 
dride gases  also  undergo  partial  decomposition,  into  hydrogen  and 
chlorine,  and  into  carbonous  oxide  and  oxygen  respectively. 

Upon  what  do  these  singular  decompositions  by  heat,  of  bodies 
formed  with  great  evolution  of  heat,  depend ;  or  with  what  class  of 
chemical  phenomena  may  they  be  associated  ? 

nx 

Under  certain  familiar  conditions, chemical  action  seemingly  takes 
place  to  its  utmost  possible  extent  in  a  single  direction  only,  with 
production  of  a  maximum  amount  of  tho  substance  that  is  formed  with 
maximum  evolution  of  heat. 

For  example,  taking  atomic  proportions  in  grammes,  the  heat  of 
formation  of  chloride  of  zinc,  ZnCl:,  is  101  units,  and  tho  heat  of  form- 
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ation  of  chloride  of  copper,  CuCl„  is  GO-5  units.  Hence,  with  chlorine 
in  solution  and  excess  of  both  copper  and  zinc,  there  is  finally  pro- 
duced the  maximum  possible  amount  of  chloride  of  zinc  and  no  chloride 
of  copper. 

Again,  an  addition  of  sufficient  zine  to  solution  of  chloride  of 
copper,  there  is  complete  combination  of  chlorine  with  zinc  and  com- 
plete separation  of  chlorine  fruit)  copper,  i.  c.  complete  burning  of  the 
one  metal  and  complete  unburmng  of  the  other. 

IV. 

Rut  under  simpler  though  less  familiar  conditions,  chemical  action 
habitually  takes  place  in  more  than  one  direction  simultaneously,  with 
production  of  correlative  products  in  varying  proportions. 

Thus,  with  hydrogen  and  excess  of  both  chlorine  and  oxygen, 
although  the  heat  of  formation  of  oxide  of  hydrogen  H20  is  57  units, 
and  the  heat  of  formation  of  chloride  of  hydrogen  2  HC1  is  only  47  -  6 
units,  yet,  in  this  case,  the  hydrogen  does  not  combine  with  the 
oxygen  to  the  exclusion  of  the  chlorine,  but  divides  itself  between 
the  oxygen  and  the  chlorine  in  proportions  which  vary  with  the 
conditions  of  the  experiment. 

In  accordance  with  this  result  it  is  found  that,  at  the  same  red 
heat,  excess  of  chlorine  will  effect  the  partial  decomposition  of  water 
with  extrusion  of  oxygen ;  and,  conversely,  that  excess  of  oxygen  will 
effect  the  partial  decomposition  of  hydrochloric  acid  with  extrusion 
of  chlorine.  • 

So  that,  beginning  with  the  two  chemical  substances,  water  and 
chlorine,  or  beginning  with  the  two  chemical  substances,  hydrochlorio 
and  oxygen,  or  beginning  with  the  three  chemical  substances,  hydrogen, 

I  chlorine,  and  oxygen,  there  exist,  at  a  full  red  heat,  the  four  chemical 
substances,  water,  hydrochloric  acid,  chlorine,  and  oxygen ;  the  propor- 
tions of  the  four  substances  depending  certainly  upon  the  relative 
quantities  present  of  the  elements  concerned,  and  most  probably  also 
upon  the  temperature  of  the  experiment. 

Similarly,  beginning  with  the  one  chemical  substance,  water  ("Grove), 
or  beginning  with  the  two  chemical  substances,  oxygen  and  hydrogen 
(Bnnsen),  there  always  exist,  at  a  sufficiently  high  temperature,  the 
three  chemical  substances,  water,  oxygen,  ami  hydrogen. 

Although,  by  exposuro  to  a  red  heat,  tho  electrolytic  mixture  of 
oxygen  and  hydrogen  gases  becomes  completely  combined,  or  trans- 
formed into  water,  yet,  as  recently  shown  by  Bunsen,  at  the  high 
temperature  of  2024  degrees,  only  one-half,  and  at  the  still  higher 
temperature  of  2844  degrees,  only  one-third  of  the  mixture  undergoes 
combination,  the  other  one-half  or  two-thirds  remaining  in  the  state  of 
mixed  gas. 

.  T- 

Chemists  are  acquainted  with  many  reciprocal  actions  comparable 
with  those  of  chlorine  upon  water,  and  of  oxygen  upon  hydrochlorio 
acid,  the  most  familiar  instance  being  probably  the  decomposition 
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of  ignited  oxido  of  iron  by  hydrogen  with  extrusion  of  iron,  and 
converse  decomposition  of  oxido  of  hydrogen  by  ignited  iron  i 
extrusion  of  hydrogen. 

Similarly,  sodium  will  decompose  the  oxides  of  carbon,  while  car 
will  decompose  oxide  of  sodium ;  and  just  as  a  sufficient  excess  of 
chlorine  may  be  made  to  effect  the  almost  complete  decomposition 
of  a  given  quantity  of  water,  bo  may  a  sufficient  excess  of  carbon 
(or  earbouous  oxide)  be  made  to  effect  the  almost  complete  decom- 
position of  a  given  quantity  of  sodiuni-oxido  or  zinc-oxide,  as  in  the 
ordinary  processes  for  obtaining  the  two  metals  ;  notwithstanding  that, 
for  an  equal  consumption  of  oxygen,  the  respective  combination  heats 
of  sodium  and  zinc  exceed  by  far  the  combination  heat  of  carbon  or 
carbon ous  oxide. 

Again,  although  the  combination  heat  of  oxygen  and  carbonoi 
oxide  is    68  units,    while  that  of    oxygen  and    hydrogen  id  only 
units,  yet,  as  was  shown  by  Bunsen  many  years  ago,  upon  exploding 
a  mixture  of  oxygen  with  a  joint   excess   of  carbonous  oxide   and 
hydrogen,  the  oxygon  docs  not   attach  itself  exclusively  to  the 


or 

B 


bonous  oxide, 
hydrogen  i 


but  divides    itself   between    the   carboi 
ratio  determined  by  their  relative  proportio 


oxide  and 
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Sib  Henet  Holland,  Bart.  M.D.  D.C.L.  F.R.8.  President, 
in  the  Chair. 


W.  E.  H.  Lkckt,  Esq. 
On  Hie  Influence  of  (he  Imagination  c 


Eintory. 


The  imagination  may  be  regarded  in  two  ways,  aa  a  realizing  faculty 
or  as  a  creative  faculty.  Considered  in  the  former  light,  it  is  the 
power  by  which  men  realize  the  unseen  ;  considered  in  the  latter,  it 
is  the  power  by  which  they  ereato  fictions  or  idealize  and  embellish 
facts.  If  we  regard  it  in  the  first  aspect,  it  is  manifest  that  all  histo- 
rical writing  as  well  as  all  historical  reading  is  a  continuous  effort  of 
the  imagination.  It  is  the  business  of  the  historian  to  resuscitato  a 
society  that  has  passed  away,  to  cause  men  and  manners,  habits  of 
thought  and  habits  of  feeling  that  no  longer  exist  to  pass  onco  more 
before  his  reader,  and  the  charm  of  his  history  will  depend  chiefly 
on  the  vividness,  while  its  philosophic  valuo  will  depend  chiefly  upon 
the  fidelity,  of  the  picture.  If  we  regard  the  imagination  in  the  second 
aspect,  tho  part  which  it  plays  in  history  is  also  very  great.     In  all 
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histories  we  may  discover  a  large  mythological  eloment  produced  by 
the  undisciplined  imagination  of  an  early  society,  reflecting  and  also 
in  a  great  degree  determining  the  character  of  the  jieoplc  and  com- 
prising its  first  literature,  its  first  philosophy,  and  its  first  religion. 
Wa  also  find  many  historical  facts  mid  characters  that  have  been 
transfigured  by  tbe  imagination.  Men  have  so  fascinated  the  imagin- 
ations of  their  fellows,  that  they  have  become  the  ideals  of  many 
generations,  and  wheu  thus  idealized,  have  exercised  a  vast  and  en- 
during influence  upon  the  world.  The  same  facts  have  often  pro- 
duced a  history  and  »  romance,  aud  the  romance  has  sometimes  proved 
more  important  than  the  history. 

After  a  few  preliminary  remark?  on  the  effects  of  the  imagination 
in  magnifying  men,  qualities,  and  incidents  in  proportion  to  their 
dramatic  interest  rather  than  to  their  importance,  and  also  upon  the 
nature  of  myths,  the  irnfrtw  pzooeeled  to  discuss  his  main  subject, 
the  part  played  by  ideals  in  history.  He  observed,  that  in  order  that  a 
character  or  incident  should  Ik'  idealized,  two  tilings  aro  necessary. 
There  must  be  something  in  the  object  i  fee  If  striking  and  conspicuous 
enough  to  fascinate  the  imagination.  There  must  also  he  a  pre-exist- 
ing tendency  which  the  ideal  represents.  Thus,  when  tbe  course  of 
evonts  has  been  long  tending  towards  military  enterprise,  then,  and 
then  only,  a  great  warrior  is  likely  to  be  idealized  ;  when  an  ascetic 
tendency  has  boon  long  in  existence,  then  only  an  ascetic  is  likely  to 
be  idealized;  when  the  direction  of  affairs  has  been  to  exalt  monarchical 
institutions,  then  only  a  king  becomes  the  ideal.  But  this  ideal, 
which  is  thus  the  result  of  the  pre-exi stent  tendency,  becomes  in  turn 
an  efficient  cause.  For  men  are  governed  much  more  by  their  imagin- 
ations than  by  their  reason.  In  order  to  affect  them,  it  is  necessary 
not  only  to  teach  tliom  what  is  right,  but  also  to  show  them  what 
is  right,  and  precepts  are  impotent  till  they  aro  connected  with 
examples. 

Thus  the  early  Greek  philosophy  and  the  early  Greek  types  were 
essentially  local  and  municipal.  The  sympathies  of  the  people  wore 
restricted  to  the  interests  of  their  own  petty  states.  The  national 
heroes,  who  represented  the  supreme  ideal  of  greatness,  were  all 
local  heroes,  aud  tho  notion  of  a  cosmopolitan  sympathy  was  un- 
known. It  arose  in  tho  philosophy  of  Socrates  and  his  followers ; 
bat  it  oidy  becamo  general  when  the  career  of  Alexander  fascinated 
tho  minds  of  the  people,  eclipsed  by  its  splendour  tho  glories  of  Peri- 
cles, Leonidas,  and  Miltiades,  and  familiarized  the  minds  of  men  with 
the  conception  of  a  universal  empire.  And  this  was  probably  tho  most 
important  result  of  tho  career  of  Alexander,  for  the  cosmojiolitanism  of 
tho  Greek  mind,  blinding  with  the  cosmopolitanism  effucted  in  the 
Roman  mind  by  tho  conditions  of  universal  empire,  alone  rendered 
possible  tho  conversion  of  Europe  to  Christianity. 

We  may  take  an  illustration  uf  the  force  of  ideals  from  tho  history 
of  Roman  suicides.  In  the  early  days  of  Borne,  suicide  (except  in  the 
form  of  self-immolation  as  a  religious  rite,  as  in  the  cases  of  Deems 
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and  Curtius)  was  unknown.  In  the  later  days  it  was  regarded  i 
almost  tho  normal  close  of  a  great  career.  Many  circumstances  ce 
spired  to  this  change,  but  one  of  the  most  important  was  the  displa 
ment  of  Regulus  by  Cato  as  the  ideal  type.  Regulus  is  believed  to 
be  an  unhistorical  figure.  His  courage,  his  high  honour,  his  patient 
endurance  of  stiffi  ring,  n  -j ■>■-..-:— i  -t 1 1.« -■  I  tin:  i>l<_-:il  of  tin:  simple  and  virtuous 
republicans.  Ho  was  proposed  to  tho  young  as  the  typo  or  model  of 
what  a  good  man  should  be,  and  he  exercised  this  fascination  until  tho 
age  of  Cato,  who  reflected  most  perfectly  the  ideal  of  tho  Stoical  phi- 
losophy which  had  juwt  arisen,  and  whose  tragic  death,  synchronizing 
as  it  did  with  the  defeat  of  a  glorious  cause  and  tho  destruction  of  a 
great  republic,  exercised  an  extreme  but  very  natural  fascination  over 
the  Roman  mind.  The  lift:  and  death  of  Cato  formed  the  supremo 
model  of  the  Stoical  period  of  Roman  history.  He  was  deemed  (as 
Velleius  Paterculus  said)  of  all  men  the  one  "  most  like  to  virtuo ;" 
and  the  ideal  retained  its  power  till  the  softening  influences  of  tho 
Greek  spirit  permeating  Roman  life  rendered  the  Stuieal  typo  too  hard 
and  unsympathising  for  the  spiritual  wants  of  men  when  new  beliefs 
were  formed  anil  new  ideals  arose  to  command  the  world. 

It  would  be  impossible  within  the  limits  of  a  lecture  to  give  any- 
thing like  a  complete  review  of  the  successive  ideals  that  have  governed 
mankind.     A  few  examples  must  suffice. 

Thus,  in  the  fifth  century,  wo  find  Christendom  completely  under 
the  fascination  of  the  hermit  life.  Several  causes,  some  of  thorn  reli- 
gious arid  some  of  them  arising  from  the  toauU  "ml  political  condition 
of  the  empire,  had  driven  multitudes  to  this  life,  and  the  imaginations 
of  men  seizing  on  the  many  poetical  aspects  it  presented,  constructed 
an  early  legendary  literature  of  which  the  hermit  was  the  central 
figure,  and  which  was  very  widely  diffused  throughout  Europe.  The 
ascetic  ideal  was,  in  the  first  place,  the  extreme  antithesis  to  tho  old 
Greek  exaltation  of  the  civic  virtues.  Among  tho  Greeks  the  first 
idea  of  a  good  man  had  been  a  man  who  devoted  himself  unremittingly 
to  tho  service  of  his  country.  In  the  fifth  century,  the  first  condition 
of  supremo  virtue  had  become  the  complete  abandonment  of  secular 
duties  and  cares.  That  such  a  character  as  the  hermit  should  have 
boeu  idealized  in  the  days  of  Greek  or  Roman  republicanism  was  im- 
possible; but  the  long-cimtinueil  imperial  despotism  and  the  extreme 
corruption  of  all  parts  of  Roman  ailiniuistnitinu  hud  gradually  with- 
drawn all  the  best  minds  from  political  life,  had  attached  a  certain 
taint  or  stigma  to  public  employment,  and  hail  therefore  predisposed 
men  to  accept,  as  their  suprrme  type  of  virtue,  a  life  entirely  uncon- 
nected with  tho  duties  of  a  citizen.  The  ascetic  ideal  also  represented 
tli©  complete  subjugation  of  tho  body  to  the  mind.  The  virtue  of 
Paganism  had  for  a  long  period  consisted  solely  in  action.  A  move- 
ment, however,  had  long  been  in  progress  raising  tho  contemplative 
virtues  to  tho  supreme  place;  and  this  movement  had  already  in  the 
neoplatonic  period  reached  tho  point  of  asceticism.  In  the  hermit 
life,  it  attained  its  extreme  limits.     Greek  art  hail  been  the  glorifica- 
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tion  of  the  body.  The  mediwval  Mosaics  represented  its  extreme  ma- 
ceration. Dio  Chrysostom,  in  a  very  whimsical  passage  of  one  of  his 
orations,  had  observed  that  a  groat  moral  lesson  was  to  be  derived 
from  the  fact  that  Homer,  though  In;  places  his  heroes  by  the  hanks  of 
what  be  always  expressly  calls  tlm  "  fishy  Hellespont,"  never  makes 
them  eat  fish,  but  only  roast  ox ;  for  this  food  being  "  strength  suffi- 
cing," fitted  to  make  men  strong,  and  manly,  and  courageous,  was  best 
suited  for  virtuous  men.  If  wo  contrast  this  judgment  with  the  pro- 
tracted and,  indeed,  ine  red  idle  fusts  Unit  were  attributed  to  the  saints 
of  the  desert,  we  shall  have  a  vivid  picturo  of  the  change  that  had 
come  over  the  ideal. 

The  ascetic  ideal,  represented  in  innumerable  legends,  painted  in 
every  church,  extolled  from  every  pulpit,  exercised  for  many  centuries 
an  absolute  rule  over  Europe.  When  men  thought  of  virtue  or  of 
greatness,  the  supreme  type  that  naturally  rose  before  their  imagin- 
ation was  the  hermit.  This  ideal  was  at  last  replaced  by  that  of 
chivalry,  which  represi-ntnl  elarily  three  innovations,  the  growth  of  the 
spirit  of  gallantry,  the  increased  revercnee  for  secular  rank,  and  the 
military  tendencies  of  the  times. 

1.  The  amatory  character  of  cliivalry,  which  was  especially  reflected 
in  the  romances  and  poems  of  the  troubadours,  was  a  natural  rebound 
against  the  extreme  misogvnism  of  the  ascetic  period.  The  first  duty 
of  the  saint  was  to  fly  from  all  contact  with  women  ;  and  a  principal 
measure  of  his  excellence  was  the  number  of  years  he  had  avoided 
seeing  them.  As  the  Puritanism  of  the  English  Commonwealth 
produced  the  licentiousness  of  the  Restoration,  si  the  ascetic  austerities 
produced  at  length  that  pasMniiatu  gluntication  of.  tlie  fair  sex,  of  which 
the  romance  of  T.e  Petit  Jehu  •]■■  SaiuhV  is  perhaps  (he  most  curious 
example.  The  tide  flowed  in  this  direction  with  especial  vehemence 
after  the  cessation  of  the  panic  which  had  arisen  at  the  close  of  the 
tenth  century  about  the  approaching  eud  of  the  world.  The  Council 
of  Clermont,  which  originated  the  i  'vusades,  in  some  degree  recognized 
the  new  tendency,  by  imposing  on  the  knight  the  religious  obligation 
of  defending  all  widows  and  virgins. 

2.  The  growing  sentiment  of  ailmiration  for  secular  rank  was  a 
product  of  the  feudal  system.  The  few  peasantry  had  almost  all 
disappeared  in  Europe,  most  of  them  voluntarily  enrolling  themselves 
as  serfs  under  Home  powerful  lord,  for  the  sake  of  the  protection  ho 
could  afford.  Tho  chiefs  gavo  to  their  leading  warriors  portions  of 
conquered  land.  Gradually  the  obligation  of  military  service  was 
attached  to  these  donations,  and  still  later  they  became  hereditary. 
In  this  manner  an  hereilitary  aristocracy  was  constituted.  A  great 
hierarchy  of  rank  arose,  of  which  the  serf  was  tho  basis  and  the 
emperor  the  apex.  All  except  the  highest  personage  wero  in  a  con- 
dition of  continual  subordination,  and  n  feeling  of  reverence  for  rank 
was  universally  diffused.  Men  came  to  associate  their  ideal  of  supreme 
greatness  with  regal  or  noble  authority,  and  their  minds  were  there- 
fore prepared  to  idealize  any  great  sovereign  who  might  arise.     Tins 
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sovereign  appeared  in  Charlemagne,  whose  genius   exercised  r. 
Europe  a  fascination  not  less  powerful  than  that  which  Alexander 
once  exercised  upon  Greece;  anil  Charlenutgne  became  accordingly  the 
centre  of  a  whole  literature  of  romance. 

S.  The  growth  of  the  military  spirit  Lad  at   the   same  time 
rapidly  advancing.    The  strong  hostility  the  Church  had  at  first  mai 
foBted  towards   it,  had   been   qualified   when   many  tribes   of  war" 
barbarians  embraced  the  faith;  and  the  military  obligation,  which 
an  essential  element  of  feudalism,  acted  in  the  same  direction.     But, 
above  all,  the  invasions  ami  conquests  of  Mahouiiiicdaiiism   awoke  the 
military  energies  of  Christendom,  and  ut  the  same   time   determined 
the  direction  it  should  take. 

If  we  now  proceed  to  examine  the  Karlovingian  romances,  which 
arose  under  the  influences  that  have  been  described,  we  shall  find  in 
them  some  significant  and  important  characteristics. 

In  the  first  place,  the  ideal  was  changed.  For  many  centuries  the 
imagination  of  Europe  had  represented  as  its  supreme  and  most  perfect 
type  tho  hermit  in  the  desert.  The  central  figure  was  no 
a  knight,  a  warrior.  The  romances  of  Charlemagne  and  the 
of  Arthur  form  ono  of  the  most  important  epochs  in  the  history  of  the 
human  mind,  for  thoy  mark  the  period  when  the  ideal  of  Christendom 
was  changed. 

In  the  next  place,  we  may  observe  how  curiously  the  moral  atmo- 
sphere reigning  in  Europe  when  the  romances  wort:  composed  coloured 
the  portrait  of  Charlemagne.  That  sovereign,  who,  if  not  tho  greatest, 
was  probably  tho  most  many-si  dud,  man  who  ever  sat  upon  a  throne, 
whose  vast  and  capacious  genius  radiated  through  almost  all  thfl 
forms  of  thought  and  action  existing  in  his  time,  pervading  all  and 
reuovating  all,  did  no  doubt  combine  the  talents  of  a  great  conqueror 
with  those  of  a  great  legislator  and  administrator ;  but  his  milil 
expeditions  were  directed  ahnost  exclusively  against  the  Germans, 
made  thirty-one  or  thirty -two  exjudilious  against  them.  lie  conquered, 
he  converted,  he  partly  civilized  them  ;  and  his  victories  had  a  lasting 
influence  upon  Europe.  With  the  Spanish  Mahommedans  he  came 
but  very  slightly  in  contact.  He  made  in  person  only  a  single  expe- 
dition against  them;  and  that  expedition,  which  was  of  no  great 
magnitude  and  importance,  mid  which  forms  altogether  an  insignificant 
episode  in  bis  reign,  was  unsuccessful  in  its  issue.  Such  was  the 
career  of  tho  historic  Charlemagne ;  hut  the  writers  of  the  romances 
being  imbued  with  the  Crusading  spirit  which  was  universal  at  their 
time,  totally  misrepresented  it.  The  German  wars  are  scarcely  noticed. 
Charlemagne  is  represented  as  having  passed  his  untir<-  life  in  a  con- 
tinual, heroic,  and  triumphant  struggle  with  the  Mahommedans  of 
Europe,  and  is  cvon  gravely  credited  with  a  triumphant  expedition  to 
Jerusalem  itself.  The  first  three  of  the  romances  of  the  Crusades, 
which  were  all  written  by  monks,  make  Charlemaguo  their  hero. 

We  might  have  supposed,  however,  that  the  spirit  of  romance 
would  have  attached  itself  in  a  Crusading  age  rather  to  the  grand- 
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father  of  Charlemagne,  than  to  that  emperor  hftnimlf.  Charles  Martel, 
by  his  victory  near  Poilier-,  bv  fn  I'jng  Provence  from  Mohammedanism, 
had  in  a  great  measure  been  the  saviour  of  Europe.  Yet  he  nover 
waB  made  an  ideal,  and  ho  occupies  only  the  most  subordinate  positions 
in  romantic  literature.  For  thin  fact  three  reasons  may,  I  think,  bo 
assigned.  lie  appeared  somewhat  too  early,  before  the  moral  ten- 
dencies that  Lave  been  indicated  had  acquired  a  sufficient  force  to 
break  the  spell  of  the  ascetic  ideal  which  governed  the  world.  IK:  did 
not  possess  the  same  dazzling  genius  as  his  grandson,  and  was  there- 
fore not  able  to  till  and  entrance  the  popular  imagination.  Ho  was 
also  regarded  with  much  animosity  by  the  clergy,  whose  property  ho 
had  severely  taxed ;  while  Charlemagne  was  the  first  sovereign  who 
rendered  compulsory  the  payment  of  tithes.  The  figure  of  Charles 
Martel  has  therefore  scarcely  any  place  in  the  romances  of  chivalry, 
anil  nearly  the  only  legend  of  any  importance  concerning  him  is  that 
after  his  death  a  hermit  saw  him  carried  hy  deii'mns  down  the  crater  of 
a  volcano,  on  account  of  his  sin  in  secularizing  church  property.  The 
war  of  Charles  Martel,  however,  against  the  Mahommedans  was  not 
forgotten,  but  the  glory  of  it  was  transferred  to  tho  popular  hero,  and 
one  of  the  great  triumphs  of  the  Charlemagne  of  romance  was  an  expe- 
dition to  rescue  Nimes  and  Carcassono  from  the  Mohonmiedans. 

But  it  was  only  in  tho  Crusades  that  these  new  tendencies  acquired 
a  decisive  ascendoncy.  In  few  other  periods  of  history  has  there  been 
so  great  a  difference  between  the  ideals  created  by  tho  imagination  and 
the  realities  that  are  recognized  by  history.  Of  all  recorded  wars,  the 
Crusades  are  probably  those  which  were  at  once  most  disinterested  in 
their  origin,  most  unmoral  in  their  execution,  and  most  disastrous 
in  their  immediate  effects.  Before  tho  Crusaders  started  on  tboir 
expeditions  they  signalized  their  zeal  by  atrocious  massacres  of  tho 
Jews  in  France  and  Germany.  At  Constantinople,  on  their  passage  to 
the  Holy  Land,  they  perpetrated  every  kind  of  outrage ;  and  many  of 
the  works  of  ancient  art,  and  perhaps  some  of  the  works  of  ancient 
literature,  perished  in  tho  conflagrations  they  caused.  In  Palestine 
they  were  guilty  of  atrocities  which  no  tongue  can  adequately  de- 
scribe, no  imagination  conceive.  All  the  ghastly  cruelty  which  tho 
fiercest  intolerance  could  engender  blended  in  a  strange  and  hideous 
amalgam  with  all  tho  licentiousness  of  the  most  unbridled  lust- 
After  the  capture  of  Jerusalem,  besides  the  multitudes  who  wore  slain 
during  the  siege,  they  deliberately  massacred  in  cold  blood  tho  old, 
the  women,  and  tho  children.  At  Ptolcmais  they  murdered  on  a 
single  occasion  2700  dfi&noelea  prisoners.  Tho  Archbishop  of  Tyre 
emphatically  declared  that  wheruver  the  Crusading  armies  had  passed 
there  was  "  not  a  chaste  woman  to  be  found."  And  with  all  this  we 
find  every  description  of  fraud  and  treachery  and  falsehood  and  in- 
trigue, the  dissensions  of  kings,  of  generals,  of  religious  orders, 
disintegrating  tho  invading  hosts ;  bo  that  when  at  last,  after  tho 
endurance  and  the  inflict  ion  of  countless  sufferings,  after  two  cen- 
turies of  nearly  unremitting  war,  and  the  destruction,  it  is  said,  of 
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not  leas  than  two  milliona  of  lives,  tho  armies  of  the  Cross  wore 
finally  rolled  back  upon  Europe, — it  may  be  truly  said  that  they  were 
not  so  much  baffled  by  the  arms  of  the  Saracen  as  blasted  by  their 
own  multiform,  degrading,  and  appalling  vice. 

Such  was  the  historical  aspect  of  the  Crusados,  hut  far  otherwise 
were  they  conceived  by  the  imagination.  There  had  been,  as  we  have 
seen,  a  strong  religious  feeling  and  alHO  a  strong  military  spirit  pre- 
vailing in  Europe,  and  these  two  streams  met  at  tho  Crusades,  and 
the  popular  imagination,  under  their  influence,  conceived  an  ileal 
which  is  assuredly  one  of  the  most  beautiful  that  has  ever  bee 
shrined  in  the  poetry  or  in  the  hearts  of  mankind.  The  red 
knight  of  Tasso  and  of  Spenser,  combining  all  tho  courago  and  fire 
of  the  ancient  hero  with  all  the  gentleness  of  tho  Christian  saint 
— the  virtue  of  humility  refracted  and  diluted  into  tho  graces  of 
courtesy  and  of  modesty — the  brave  soldier,  animated  by  no  feeling 
of  personal  ambition,  but  drawing  his  sword  ouly  in  the  cause  of  the 
feeble  and  tho  oppressed,  to  defend  his  persecuted  faith  and  raise  once 
more  the  prostrate  altars  of  his  God — this  was  tho  ideal  of  chivalry 
which  acquired  during  tho  Crusades  its  supreme  authority,  and  its 
influence  is  felt  to  the  present  day.  When  we  apply  tie  epithet 
chivalrous  to  a  modern  gentleman,  this  is  no  unmeaning  term.  There 
is  a  certain  aroma  of  refinement  in  tho  character  of  a  modern  gentle- 
man, there  is  something  in  that  line  combination  of  the  self-assertion 
of  honour  with  the  self-abnegation  of  courtesy  which  was  not  known 
in  tho  ancient  world,  and  which  may  bo  distinctly  traced  to  that  ideal 
of  chivalry  which  the  Crusades  made  dominant  in  Europe. 

Tho  romances  of  tho  Crusades  arose  at  the  very  beginning  of  tho 
movement,  and  wo  find  the  popular  imagination  not  only  inventing 
innumerable  prodigies,  but  also,  after  its  usual  fashion,  transfiguring  tho 
simplest  facts.  Thus  the  Council  of  Clermont,  which  was  in  reality 
held  in  tho  dark  days  of  November,  was  arbitrarily  transferred  by  tho 
romance  writers  to  tho  month  of  May,  the  cheerful  opening  of  summer 
appearing  more  suitable  for  an  event  which  introduced  so  bright  a 
period  in  the  history  of  the  world.  Geography  itself  was  sometimes 
recast  by  the  imagination,  and  maps  aro  in  existence-  in  which 
Jerusalem  is  represented  as  the  centre  of  tho  earth, —doubtless  because 
the  geographer  believed  that  its  local  position  must  correspond  to  its 
moral  position. 

The  last  example  I  shall  givo  of  the  manner  in  which  ideals 
detach  themselves  from  realities  and  of  tho  enduring  influence  they 
exorcise  is  taken  from  the  history  of  Scotland.  Tho  distinctive 
beauty  and  the  great  philosophic  interest  of  tho  Scotch  character 
arises  from  the  very  singular  combination  it  displays  of  a  romautic 
and  chivalrous  with  a  practical  and  industrial  spirit.  No  other  nation 
exhibits  in  equal  perfection  tho  union  of  these  two  elements,  and  tho 
fact  is  in  the  first  instance  due  to  geographical  and  political  causes. 
The  seat  of  the  first  is  tho  Highlands,  the  sent  of  the  other  tile  Low- 
lands.    The  first  spirit  has  grown  out  of  tho  old  clan  system  ;  the 
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history  of  the  second  spirit  is  that  of  the  towns,  of  the  rise  of  tho 
middle  classes,  and  of  Puritanism.  The  enthusiasm  of  the  first  is 
loyalty ;  the  enthusiasm  of  the  second  is  liberty.  The  first  spirit 
makes  men. reverent,  retrospective,  and  imaginative ;  the  second  makes 
them  enlightened,  progressive,  and.  practical.  In  no  other  nation  do 
we  find  a  vein  of  poetic  sensibility  and  romantic  feeling  qualifying 
anil  tempering  in  so  singular  a  manner  a  character  that  is  essen- 
tially industrial,  practical,  ami  almost  plodding.  The  loug  endurance 
of  this  rom.mtie  c!i:Tii<-nt  nuy  chiefly  be  ascribed  to  the  existence  of 
certain  traditional  mid  patriotic  romances,  which  elicit  the  first  enthu- 
siasm of  moot  So'ti-liiiu-ii.  iiinl  which  leave  an  impression  upon  their 
characters  that  is  seldom  wholly  effaced.  Among  these  romances,  per- 
haps tho  most  prominent  is  that  of  Mary  Stuart,  Her  beauty,  her 
misfortunes,  and  the  many  noble  qualities  she  undoubtedly  displayed, 
mode  her  peculiarly  fitted  for  a  centre  of  romance;  and  the  vein  of 
sentiment  the  clan  spirit  had  formed  in  Scotland  speedily  surrounded 
her  with  a  halo  of  romance.  How  early  that  romance  arose  has  been 
strikingly  illustrated  by  Dean  Stanley,  in  his  work  on  Westminster 
Abbey.  "  Mary's  tomb,"  he  tells  us,  "  was  rovered  by  devout  Scots 
as  the  shriue  of  a  canonised  saint.  'I  hoar,'  says  Dempster  thirteen 
years  after  tho  removal  of  tho  remains  from  Peterborough,  '  that  her 
hones,  lately  translated  to  the  burial  place  of  the  kings  of  England, 
are  resplendent  with  miracles.'  This  probably  is  the  last  instance  of 
a  miracle-working  tomb  iu  England."  The  same  romance  has  con- 
tinued, though  in  other  forms,  to  the  present  day,  and  there  are  few 
Scotch  men  or  women  in  whose  character  there  may  not  be  detected 
something  that  may  be  distinctly  traced  to  that  anb*ppy  queen.  How 
far  the  real  Mary  was  removed  from  tho  Mary  of  romance,  a  great 
living  historian  has  conclusively  shown;  but  the  ideal  Mary  has 
probably  done  more  in  the  world  than  the  ronl  one.  The  latter 
played  rather  a  noisy  than  a  great  part,  and  all  traee  of  her  influeneo 
has  long  since  past ;  the  former  has  had  an  abiding  influeneo  on  tho 
imaginations  and  the  characters  of  her  people. 

It  will  appear  from  these  considerations  how  very  important  tlio 
fabulous  element  has  often  proved  in  history,  Tho  facts  of  history 
have  been  in  a  great  degree  governed  by  its  fictions.  The  part  of  the 
historian,  in  dealing  with  a  fable,  is  not  simply  to  provo  its  fabulous 
character,  or  even  to  explain  tho  circumstances  that  generated  it : 
he  must  also  trace  the  influeneo  that  fable  has  exercised  upon  the 
world.  Men  as  they  were  supposed  to  havo  been  have  often  been 
mure  influential  than  men  as  they  were,  and  the  realities  of  history 
can  never  be  exhaustively  ei plained  without  reference  to  its  illusions. 

And  in  this  respect  historical  facts  resemble  physical  phenomena. 
Wo  hear  much  in  this  place  of  tho  universe  of  which  our  world  is  but 
nn  infinitesimal  fraction,  of  tho  strange  anil  interchanging  forces  Unit 
govern  its  phenomena,  of  the  all -pervading  law  discovered  alike  in  its 
mightiest  masses  and  in  its  minutest  particles  ;  but  there  is  a  universe 
widely  different  from  that  which  modern  science  reveals.     There  is  a 

Vol.  V.    (No.  48.) 


402 


General  Monthly  Meeting. 


(June  1, 


2  of  which  our  globe  is  the  centre  and  the  sun  and  moon  are 
inconsiderable  lights  decorating  its  tirmainent,  and  all  its  phenomena 
are  isolated  and  detached.  It  is  the  world  of  the  appearances  of  things. 
As  truly  as  the  bud  causes  the  planets  to  revolve  in  their  orbits  around 
it.  as  truly  as  the  moon  makes  the  tides  of  the  ocean  to  ebb  and  flow 
beneath  her  power,  so  truly  does  tho  iispeet  of  external  nature  as  it 
seen  by  the  untutored  eye  of  man  form  the  first  associations  of  tl 
imagination,  mould  by  its  plastic  energy  the  belief  of  succeeding 
generations,  and  imprint  its  characters  almost  indelibly  on  tho  inmost 
texture  of  the  mind  of  man. 

It  is  the  duty  of  tho  historian  not  simply  to  describe,  but  also  to 
explain,  the  conduct  of  men.  Ho  must  penetrate  l>elow  actions,  and 
must  reveal  the  characters  lium  which  actions  spring.  There  exist  in 
every  individual  mind  and  in  every  society  countless  tendencies,  moral 
and  intellectual,  infinitely  varying  in  their  combinations,  in  tho 
degrees  of  their  intensity,  and  in  the  directions  of  their  operationis. 
These  tie  the  true  materials  of  history,  for  these  are  the  secret  springs 
that  determine  the  actions  of  an  individual  or  of  a  society.  It  is  the 
task  of  the  historian  to  trace  their  genesis,  to  analyze  their  nature,  to 
estimate  their  forces,  to  forecast  their  probable  issue.  Some  of  them 
may  be  traced  to  the  facts  of  history,  and  some  of  them  to  its  fables. 
Facts  never  acquire  their  greatest  influence  over  the  human  mind 
until  they  have  past  through  tho  medium  of  the  imagination.  Ideals 
ultimately  govern  the  world,  and  each,  before  it  loses  its  ascendency, 
bequeaths  some  moral  truth  as  an  abiding  legacy  to  the  human  race. 
From  the  days  of  the  Pagan  romances,  from  the  days  of  the  ascetic 
life,  from  the  days  of  Charlemagne  and  the  Crusaders  —from  these, 
and  many  other  periods,  moral  sentiments  lucre  descended  to  ourselves 
which  have  all  their  place  among  the  many  and  various  elements  that 
compose  the  characters  and  determine  tho  actions  of  civilized  men. 
[W.  E.  H.  L.] 
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The  special  thanks  of  the  Members  were  "roturned  to  Sir  Henry 
Holland,  Bart,  the  President,  for  his  Tenth  Annual  Donation  of  40/. 
to  the  Fund  for  the  Promotion  of  Experimental  Researches. 

The  special  thanks  of  the  Members  were  returned  to  Felix  B. 
Garden,  Esq.  the  son  of  the  late  Alexander  Garden,  Esq.  M.R.I,  for  his 
present  of  a  Balance,  accompanied  by  the  following  memorandum : — 

M  Balance  (of  rude  exterior,  but  singular  perfection)  ;  was  made  by  Harrison 
according  to  the  plan  and  by  order  of  Henry  Cavendish,  Esq.  and  parsed  at  his 
death  to  his  cousin  and  heir,  Lord  George  Cavendish.  By  him  it  was  presented  to 
Sir  Humphry  Davy,  together  with  the  greater  part  of  Mr.  Cavendisn's  philoso- 
phical apparatus.  Sir  Humphry  Davy  gave  it  to  J.  G.  Children,  who  now  presents 
it  in  token  of  his  sincere  regard,  and  in  acknowledgment  of  innumerable  friendly 
offices,  to  Alexander  Garden.— January  1st,  1830." 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 
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Agricultural  8ocitty  of  England,  Royal— Journal.    Vol  II.  No.  1.    8vo.     1868. 
American  Academy  of  Natural  Sciences,  Philwlelphia — Proceedings.    8vo.     1867. 
Davit,  Alfred,  Esq.  M.R.I. — Textile  Manufactures  and  Costumes  of  India.    By 

J.  F.  Watson.    4to.     1867. 
Editors— Artizan  for  May,  1688.    4to. 

Athenaeum  for  May,  1868.    4to. 

British  Journal  of  Photography  for  May,  1868.    4  to. 

Chemical  News  for  May,  1868.    4to. 

Engineer  for  May,  1868.    fol. 

Geological  and  Natural  History  Repository.    May,  1868.    8vo. 

Horoloffical  Journal  for  May,  1868.    8vo. 

Journal  of  Gas-Lighting  for  Muy,  1868.    4to. 

Mechanics*  Magazine  for  May,  1868.    8vo. 

Pharmaceutical  Journal  for  May,  1868. 

Photographic  News  for  May,  1868.    4  to. 

Practical  Mechanics'  Journal  for  May,  1868.    4to. 

Revue  des  Cours  Scientifiques  et  Litteraires.    May,  1868.    4 to. 
Franklin  Institute -Journal,  Nos.  507,  508.     8m     1868. 
Geographical  Society,  Royal — Proceedings,  Vol.  XII.  No.  2.    8vo.     1868. 
Getitogical  Institute,  Imperial,  Vienna—  J uhrbuch,  Band  XVII.  No.  4. 

Verhandlungen,  Jahrgang,  1867,  Nos.  13-18.     1867. 

Homes,  Fossil  en  Mollusken  des  Tertiaor-beekens  von  Wien.    Band  II.  Nos.  7,  8. 
fol.    1867. 
Geological  Society— Quarterly  Journal,  No  94.    8vo.    1868. 
Linnean  Society—JournAl,  Nos.  44,  45.    8vo.     1868. 

Maeilwain,  Geortje,  Esq.  M.R.I,  (the  Author) — Surgical  Commentaries.   16to.   186S. 
Mailly, M.  E.  (the  Author)— LEspegne  Scientifique.     16to.     1868. 
Manning,  Frederick,  Esq.  M.R.I. — Catalogue  of  the  Shakespeare  Museum,  Strat- 
ford-upon-Avon.   8vo.    18(58. 
Meteorological  Society — Proceedings,  No.  37.    8vo.     1868. 
Oettingen.  Dr.  A.  Von  {the  Author j — Meteorologischo  Beobachtungen  in  Dorpat, 

1867.  8vo.    1868. 

Photographic  Society — Journal,  No.  193.    8vo.     1868. 

Society  of  Literature,  Royal— Traductions,  Vol.  IX.  Part  1.     8vo.     1868. 

Society  of  Arts— Journal  for  May,  1868.    8vo. 

Symons,  G.  J.  (the  Author) — Symons'  Monthly  Meteorological  Magazine,  May, 

1868.  8vo. 

TryUrian  Institution,  Haarlem— Archives  du  Musee  Teyler.    Vol.  I.  Faac.  3.   8vo. 
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WEEKLY   EVENING    MEETING, 

Friday,  June  5,  1868. 

Sih  Hknst  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President,  in  the 
Chair. 

Sib  Samuel  White  Bases,  M.A. 

On  Abyssinia,  or  Ethiopia. 

These  are  countries  of  6iuall  repute,  that  only  rise  from  their  obscurity 
when  certain  unexpected  events  call  them  before  the  world  :  thus  Abys- 
sinia was  simply  known  to  exist,  but  eoimu;ini]i.  >1  im  ■ttnlttion,  until  the 
detention  of  British  subjects  by  its  king  forced  that  wild  country  before 
the  eyes  of  Europe. 

Nevertheless,  we  are  bound  to  admit  that,  although  Abyssinia 
ignored  by  the  civilized  world,  there  is  much  of  interest  attached  to 
that  poculiar  land,  inhabited  by  various  races,  whose  origin  is  at  once 
doubtful  and  mysterious,  but  who  have  for  a  period  of  nearly  1600 
years  maintained  inviolate  their  belief  in  Christ,  although  surrounded 
upon  all  sides  by  the  enemies  of  their  faith.  It  is  the  only  spot  ' 
vast  continent  of  Africa  where  Christianity  absolutely  took  root. 

In  tho  short  space  of  a  discourse  I  can  only  endeavour  to  condense 
the  past  and  present  of  Abyssinia,  leaving  the  uncertain  future  to  tho 
imagination  of  those  who  contemplate  its  annexation  to  a  Mahomniedan 
empire. 

To  be  concise,  I  propiw  t>>  aminco  the  description  of  Abyssinii 
under  separate  heads,  commencing  with  Geographical  Position,  and 
following  in  order  with : 

1.  Geological  Formation; 

2.  Natural  Productions  and  Animals ; 

3.  Ancient  History; 
terminating  with  tin-  ''Abyssinian  difficulty"  uin3  the  death  of  Theodore. 

Qeographkal  Position. — The  frontiers  of  Abyssinia,  like  those  of 
most  wild  countries,  ore  exceedingly  ill  defined,  but  they  may  be  roughly 
stated  as  comprised  between  9"  and  15"  N.  lat.  and  35°  to  42°  E.  longi- 
tude. 

Although  this  country  contains  tho  principal  streams  that  cause  the 
annual  inundation  of  the  Nile,  there  is  not  one  navigable  river  through- 
out the  entire  empire ;  thus  Abyssinia  must  always  struggle  against  the 
difficulties  of  transport. 

With  a  considerable  extent  of  sea-coast,  Abyssinia  lias  never  hoisted 
u  flag  upon  tho  Red  Sea. 
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This  apparent  apathy  ia  the  result  of  geographical  difficulties.  The 
formation  of  the  country  ia  advurae  to  development,  so  long  els  it  re- 
mains in  savage  hands. 

The  low  sandy  shoro  that  at  one  time  formed  the  bottom  of  the 
Red  Sea,  bums  during  a  portion  of  the  year  with  intense  heat,  and  is 
devoid  of  water.  From  this  level  plain,  the  mountains  of  Abyssinia 
abruptly  rise,  and  form  an  extraordinary  mass  of  plateaux,  peaks,  and 
flat-topped  rocks,  to  altitudes  varying  from  C  to  1-1,000  feet.  This 
extreme  variation  of  altitude  affords  a  wide  range  of  temperature:  thus 
the  thermometer  whieh  stands  at  120"  in  the  shade  on  the  sea-coast, 
falls  much  below  freeziiig-pniiit  in  hijrln-r  liiralities.and  the  unhealthy 
valleys  arc  walled  in  by  plateaux  heights  that  may  rank  among  the 
finest  climates  of  the  world. 

The  variation  of  t.  nip.  rature  anil  of  soil  produce  the  most  inter- 
esting botanical  changes ;  in  the  lowlands  are  found  all  tho  well- 
known  tropical  productions,  while  every  successive  ultitudo  exhibits 
the  beauties  of  differ  cut  latitudes  ;  thus  wo  have  the  wonderful  stride 
in  vegetation  from  the  millet  and  the  palms  of  tho  valley,  to  the  wheat 
and  the  fir-tree  of  the  plateaux  and  mountain- peaks. 

The  natural  effect  of  so  large  a  mountain  moss  as  that  presented  by 
Abyssinia,  is  the  attraction  of  rain ;  thus,  in  addition  to  tho  blessing  of 
a  favourable  climate,  it  has  tho  advantage  of  moisture.  Heavy  dewa 
refresh  tho  soil  during  tho  dry  season,  while  numerous  mountain 
rivulets  facilitate  irrigation.  In  tho  month  of  April  tho  weather 
hudm  to  vary,  and  heavy  th under -st onus  break  upon  tho  mountains. 
In  May  these  beoome  more  frequent;  the  trickling  beds  of  insignifi- 
cant streams  change  to  roaring  torrents,  following  every  storm,  until 
the  month  of  June  ushers  in  the  rainy  soason  in  all  its  grandeur  of 
purple  clouds  and  tremendous  thunder.  The  mountains  that  in  tho 
dry  season  were  in  silenco,  now  tremble  and  roar  with  the  floods  that 
burst  from  their  rugged  sides,  and  in  thoir  impetuous  course  from 
the  high  ground  they  cut  tho  deep  channels  that  form  the  only  roads 
from  the  lowlands  to  Upper  Abyssinia.  These  innumerable  torrents, 
radiating  from  a  mountain  centre,  at  length  concentrate  in  two  great 
rivers  flowing  north-west — the  Blue  Nile  and  the  Atbara.  It  was  on 
22nd  June  that  I  witnessed  tho  dry,  sandy  bed  of  the  hitter  suddenly 
invaded  by  the  tremendous  flood,  mid  although  not  a  cloud  dimmed  tho 
parching  sky,  I  knew  that  tho  rains  were  pouring  in  Abyssinia.  It  ia 
now  well  known  that  this  flood  causes  the  periodical  inundation  of 
Lower  Egypt. 

Having  given  an  outline  of  the  effect  of  the  mountain  range,  we 
will  now  seek  for  the  cause,  by  glancing  at  tho  principal  geological 
lulu.  .-. 

The  greater  portion  of  tho  rocks  are  plutonic,  and  a  general 
upheaval  of  tho  mass  has  been  occasioned  by  volcanic  action.  We 
thus  observe,  at  an  altitude  of  several  thousand  feet  above  the  ocean, 
masses  of  coral  and  fossil  shells  that  at  one  time  formed  tho  bottom  of 
the  se*.     In  another  district  we  find  beds  of  sandstone,  not  only 
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upheaved,  but  broken  through  by  musses  of  basalt  that  havo  forme! 
lofty  mountains  ;  while  in  the  southern  portion  of  tho  country  we 
find  that  the  same  actios  that ■  caused  ;m  upheaval  an  the  one  hand,  has 
ulsn  wmsed  depression  on  the  other,  as  shown  by  the  Salt  Lake  Assal 
(first  seen  by  Harris  in  his  mission  to  Shoii),  which  is  570  feet  below 
the  level  of  the  sea.  There  can  be  little  doubt  that  at  the  time  of  the 
great  volcanic  disturbance  a  portion  of  the  sea  must  have  been  enclosed 
and  caught  by  the  upheaval  of  the  shore  and  the  depression  of  the 
interior  ;  tho  evaporation  of  which  has  given  riso  to  the  plains  of  salt 
in  that  portion  of  Abyssinia.  This  salt  is  cot  by  tho  natives  into 
small  pieces,  like  houc-stoncs,  and  in  certain  districts  it  is  used  in  lien 
of  coin. 

Tffi'mmi/l  Thn  mineralogy  of  the  country  has  never  been  scienti- 
fically examined,  but  it  is  known  to  be  rich  in  iron  and  copper,  and  to 
possess  in  smaller  quantities  g'dd,  iinLimony,  and  lead.  In  one  district 
coal  has  long  since  been  discovered  cropping  out  from  the  mountain's 
aide  in  exceedingly  thick  veiDS,  said  to  bo  from  10  to  lo  feet.  It  is 
with  this  find  that  Theodore  smelted  his  iron,  and  cast  his  monster 
mortar  that  was  to  terrify  the  English,  On  the  confines  of  Abyssinia, 
at  Fazocle,  the  Egyptians  have  worked  gold  mines  for  many  years, 
and  there  can  be  b'ttle  doubt  that  a  scieutilic  investigation  of  the 
country  would  load  to  important  mineral  discoveries.  I  myself  dis- 
covered, in  the  portion  of  Abyssinia  occupied  by  Mek  Kimmur,  the 
prosouoo  of  copper  in  large  quantities,  that  was  entirely  unknown  to 
the  natives;  also  bloodstone  and  cornelian  in  extraordinary  masses. 
So  rich  is  the  copper-ore  in  the  district  to  which  I  allude,  that  it 
poisons  the  water  of  the  stream  that  flows  through  the  dill's,  and  it 
has  the  effect  of  impoverishing  all  nnlnuds  until  thoy  become  mere 
living  skeletons. 

As  the  general  formation  of  the  mountain -range  is  basaltic,  which 
undergoes  rapid  decomposition  when  exposed  to  tho  atmospherical 
changes  of  violent  rains  and  intense  heat,  the  shapes  of  the  extreme 
heights  are  most  fantastic;  in  some  instances  the  sides  have  fallen 
bodily  away,  and  have  left  a  dice-shaped  table  thousands  of  feet  above 
tho  plain;  in  ethers  the  natural  demolition  is  more  complete,  and  the 
top  having  crumbled,  has  widened  the  base,  with  its  fallen  ruin,  leaving 
a  keoii-cdged  pyramid  as  an  unmistakable  lainiinark  among  tho  chaos 
of  mountain- peaks.  Wherever  a  broad  flat-topped  summit  is  found 
towering  above  the  rest,  with  precipitous  and  inaccessible  sides,  it  is 
occupied  as  an  Amba,  or  fortress,  by  sumo  refractory  chief,  into  which 
euglo's-nest  ho  can  retire  with  his  followers  when  hard  pressed  by  the 
enemy. 

Fertility.  —  Although  during  the  dry  season  tho  aspect  of  tho 
mountain-range  is  parched  and  barren,  the  soil  of  tho  valleys  and 
plateaux  is  exceedingly  fertile,  formed  by  the  disintegrated  portions 
of  volcanic  rocks  that  have  been  washed  from  tho  mountain  sides. 
Hvcn  the  steep  slopes  of  these  mountains  give  birth  during  tho 
to  a  rich  vegetation,  which  supports  vast  herds  of  cattle  in  the  populated 
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districts,  and  in  those  less  inhabited  localities  attracts  the  numerous 
wild  animals  that  constitute  the  "  fauna  "  of  Abyssinia— the  elephant, 
rhinoceros,  bufi'olo,  antelopes  of  many  varieties,  giraffes,  linns,  leopards, 
hyenas,  hippojH.il  and.  baboons,  monkeys,  &c.  Throughout  the  country 
are  innumerable  hirds,  inehuliug  the  great  and  lesser  bustard,  guinea- 
fowl,  francolin,  and  other  varieties  of  partridges,  gaud -grouse,  with 
geese,  ducks,  and  a  long  list  of  rare  species  to  delight  the  ornithologist. 

Of  the  insect  tribes  the  most  important  are  the  cattle-fly,  or 
"seroot,"  that  drives  all  domestic  animals  from  tho  lowlands  during 
the  rainy  season,  and  the  bee. 

I  believe  that  this  tormentor  (the  Seroot)  was  tho  instrument  em- 
ployed in  tho  plague  of  flies  inflicted  upon  tho  Egyptians  by  Moses. 
This  fly  is  alluded  to  in  the  passage  in  Isaiah  vii.  18 : — "And  it  shall 
come  to  pass  in  that  day  tliat  the  Lord  shall  hiss  for  the  fly  that  is 
in  the  uttermost  part  of  the  land  of  Egypt."  This  insect  scourge 
appears  at  the  commencement  of  the  rains  in  June,  being  hatched  from 
the  egg  deposited  in  the  soil  in  the  preceding  year,  and  its  arrival  is 
the  signal  for  an  exodus  of  the  people  and  flocks  from  tho  low  rich 
soils  to  drier  or  more  elevated  localities. 

Tho  beo  is  tho  blessing  of  Abyssinia  ;  the  rocks  and  hollow  trees 
teem  with  wild  honey,  during  the  months  from  December  to  April. 
Beeswax  is  one  of  the  principal  exports  of  tho  country,  and  mead,  or 
"tetch,"  is  the  general  beverage.  This  is  a  mixture  of  five  parts  of 
water  to  one  of  honey,  flavoured  with  herbs,  and  fermented ;  it  is  ren- 
dered intoxicating  by  the  addition  of  the  leaves  of  a  plant  called  by 
the  Abyssinians  "  Jershooa." 

The  chief  article  of  export  from  Abyssinia  is  coffee.  This  im- 
portant production  is  indigenous  to  tho  soil,  and  flourishes  with  small 
attempts  at  cultivation.  There  can  bo  no  doubt  that  Abyssinia,  if  in 
the  possession  of  a  European  power,  would  become  one  of  the  first 
coffee-producing  countries,  as  the  quality  of  soil,  climate,  and  vast 
extent  of  mountain  slopes  are  peculiarly  adapted  for  that  branch  of 
agriculture.  At  present  tho  great  market  is  at  Gcllnbfit,  commonly 
known  as  Matemma ;  tliero  the  coffee  is  bi-uught  by  Abyssinian  mer- 
chants and  sold  in  exchange  for  cotton,  which  is  produced  of  excellent 
quality,  by  tho  Tokrooris  who  inhabit  that  district.  Although  the 
uiouutainons  portion  of  Abyssinia  is  ill  adapted  for  cotton  cultivation, 
there  is  a  large  district  partly  uninhabited,  owing  to  the  insecurity  of 
life  near  the  Egyptian  frontier,  that  is  eminently  suited  for  cotton 
plantations.  This  beautiful  country  is  about  25(10  feet  above  the  sea- 
level,  at  the  base  of  precipitous  range  of  mountains,  from  which  it 
slopes  to  the  north-west,  aud  drains  into  the  Atbnra.  It  is  through 
this  fertile  but  neglected  land  that  tho  great  Nile  tributaries  of 
Abyssinia  cut  their  impetuous  channels.  The  Takazzie,  or  Sottito, 
tho  Angrab,  Salaam,  and  others  of  loss  importance  burst  from  the 
dark  gorges  of  the  mountain  sides  in  imposing  grandeur,  and  at  length 
escaping  from  the  narrow  walls  of  rocks  and  precipices,  they  have  cut 
deep  valleys  in  the  rich  soil  some  two  miles  in  width,  at  tho  bottom 
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of  which— 200  feet  Ix-low  the  general  level  of  tho  country— tliey  flow 
in  superb  stream*,  enriched  with  the  mud  that  will  bo  deposited  in  the 
Nile  delta. 

Although  that  portiou  of  tho  country  offers  every  advantage  for 
cotton  cultivation,  it  is  almost  uninhabited,  neither  can  it  become  of 
value  until  tho  Egyptians  shall  have  absolutely  divined  their  frontier, 
and  Abyssinia  shall  have  some  more  civilised  and  stable  form  of 
government. 

In  a  summary  of  the  geogngAofM]  features  of  Abyssinia,  we  find  that 
it  possesses  nearly  every  variety  of  climate  and  6oiI ;  that  it  is  rich  in 
minerals;  it  possesses  coal,  but  menus  of  transport  are  difficult  in  tho 
absence  of  roads  or  navigable  rivera.  It  produces  an  exceedingly 
hardy  race  of  hordes  and  mules,  together  with  an  excellent  breed  of 
cattle. 

With  such  natural  advantages,  it  appears  surprising  that  Abyssinia 
should  not  have  progressed  in  the  scale  of  civilization.  This  inertia 
must  be  attributed  to  the  difficulties  of  its  position :  it  is  a  moun- 
tainous country,  surrounded  by  enemies  differing  in  religion,  and 
regarding  the  population  of  Abyssinia  as  Christian  dogs  who  should 
bo  driven  out  or  converted  to  Midii mimed tmism.  Without  the  possession 
of  a  eca-coast,  which  is  claimed  by  Egypt,  and  depending  for  security 
npon  the  difficulty  of  approach  presented  by  tho  mountains,  Abyssinia 
has  maintained  its  independence  simply  through  its  isolation ;  it  has  of 
late  years  boon  excluded  from  tho  world,  therefore  it  remains  some  cen- 
turies behind  the  world. 

Races  of  mankind  that  have  thus  lived  long  in  seclusion  cling 
most  pertinaciously  to  their  ancient  customs  and  traditions;  thus, 
hemmed  iu  among  their  own  mountains,  the  Abyssinians  arc  strictly 
conservative,  and  hold  to  their  faith  with  extreme  tenacity. 

According  to  the  traditions  of  the  people,  tho  origin  of  the  Abys- 
sinian race  was  a  settlement  of  the  Jews.  Although  this  assertion  is 
difficult  to  prove,  there  is  no  reason  to  doubt  that  tho  Israelites  may 
have  settled  in  considerable  numbers  at  remote  periods.  Certain  it  is. 
that  in  the  roign  of  Solomon,  (lie  lied  Sea  was  navigated  \,y  the  Jewish 
fleet,  and  the  coasts  were  searched  for  every  production  that  could  add 
to  the  treasury  of  the  king,  It  is  written  in  I.  Kings  ix.  26  : — "And 
King  Solomon  made  a  navy  of  ships  iu  Eziou-geher,  which  is  beside 
Eloth  on  the  shore  of  the  Red  Sea,  in  the  land  of  Edom."  Again,  we 
find  in  chap.  x.  22  :— "For  tho  king  had  at  sea  a  navy  of  Tharshish 
with  the  navy  of  Hiram  :  once  in  three  years  came  the  navy  of  Thnr- 
shish,  bringing  gold  and  silver,  ivory,  apes,  and  peacocks."  Thus  there 
were  two  distinct  fleets  in  the  Red  Sea,  the  "navy  of  Hiram"  and  tho 
"navy  of  Tharslusb;"  the  latter  only  returned  once  in  throe  years 
from  some  distant  vnyagr,  probkUy  from  (Yyloii  and  India;  while  that 
of  Hiram  traded  with  Ophir  and  along  the  east  coast  of  Africa. 

It  is  therefore  highly  probable  that  Jewish  settlements  were 
hlished  according  to  the  traditions  of  the  Abyssinians,  which  inter- 
married with  the  inhabitants ;  these  I  believe  to  have  boon  originally 
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pure  Gallas,  at  that  titno  either  idolaters  or  devoid  of  all  roligion, 
Even  at  the  present  day  the  Gallas  are  so  closely  allied  to  the  Abys- 
sinians  that  they  are  with  difficulty  distinguished,  both  appearing  to 
belong  to  the  Caucasian  race,  and  entirely  distinct  from  all  other  races 
of  the  African  continent.  The  men  arc  well-featured,  of  a  dark -brown 
colour,  with  good  hair,  while  tho  women  (especially  the  Gallas)  are 
remarkable  for  a  delicacy  of  feature  that  is  at  least  equal  to  that  of 
Europeans. 

A  further  proof  of  the  Israolitish  extraction  of  the  Abyssiniaus  is 
rigid  adherence  to  the  ancient  Jewish  rites  ;  circumcision  is  invariably 
practised,  polygamy  is  allowed,  and  the  harsh  and  crncl  Jewish  laws 
of  retribution  are  sternly  enacted. 

Although  tho  name  Ethiopia  was  used  in  a  broad  sense  by  the 
ancients  without  any  strict  geographical  limits,  there  can  be  no  doubt 
that  it  is  specially  applied  to  Abyssinia  in  many  parts  of  the  Old 
TlMlhllllilil  At  that  time  Abyssinia  iucludcd  the  entire  course  of  the 
Blue  Nile  and  the  Atbaru,  which  is  now  possessed  by  Egypt.  Wc  find 
in  Isaiah  repented  allusions  to  the  country  that  cannot  be  mistakon 
(IBth  chapter,  1,  2  verses) :— "  Woe  to  the  land  shadowing  with  wings, 
which  ie  beyond  the  river  of  Ethiopia  :  that  Bendoth  ambassadors  by 
the  sea,  even  in  vessels  »f  bulrushes  «}n<n  the  maters." 

Botb  in  tho  Hebrew  and  in  Arabic  the  same  word  denotes  either 
the  tea  or  a  large  river,  or  sheet  of  water  ;  thus,  in  the  verso  quoted, 
tho  "sea"  is  the  Nile,  and  even  to  this  day  the  Abyssiniaus  use  no 
other  vessels  (upon  the  great  lake  Tana)  than  buudlea  of  rushes  lashed 
together  in  the  form  of  eauoes,  which  are  tho  "  vessels  of  bulrushes 
upon  the  waters." 

Again,  in  Isaiah  iii.:  "And  the  waters  shall  fail  from  the  sea, 
and  the  river  shall  bo  wasted  and  dried  up.  And  they  shall  turn  the 
rivers  far  away  ;  and  the  brooks  of  defence  shall  bo  emptied  aud  dried 
up ;  the  reeds  and  flags  shall  wither." 

The  word  "sea"  is  hero  need  in  the  same  sense,  signifying  the 
lake- — most  probably  the  lake  Tana  in  Ethiopia  (Abyssinia)  which 
supplies  wafor  to  the  liluu  Nile.  The  prophecy,  "They  shall  turn  tho 
rivcre  far  away,"  is  explained  by  the  Abyssinian  traditions  that,  in  tho 
ancient  wars  between  that  country  and  Egypt,  they  turned  the  course 
of  several  large  rivers,  and  by  means  of  prodigious  dams  they  directed 
their  waters  away  from  the  Nile,  thus  impoverishing  Egypt  by  pre- 
venting the  annual  inundation.  It  may  be  a  question  whether  in  the 
timo  of  Joseph  the  seven  yinrs  of  famine  in  Egypt  were  not  cauHC-d  by 
such  a  disturbance  of  the  Nile  tributaries  of  Abyssinia. 

An  equally  important  question  may  be  suggested,  whether  the  low 
Nile  that  afflicted  Egypt  as  a  plague  in  the  timo  of  Moses  was  not 
equally  the  result  of  hostilo  Ethiopian  engineering  at  the  Abyssinian 
sources  i 

At  that  period  Ethiopia  was  a  power  that  had  actually  overrun 
and  vanquished  Egypt,  and  although  we  receive  merely  an  outline  of 
certain  events  in  the  Old  Testament,  we  are  indebted  to  Josephus  for 
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a  detailed  account  of  the  life  of  Moses,  which  he  gathered  from  books 
that  were  most  probably  lost  at  tho  destruction  of  the  Alexandrian 
Library.  He  tells  ua  that  alter  Egypt  had  been  vanquished  by  the 
Ethiopians,  Moses  was  chtuscii  to  lead  tin;  Kjjvptkn  forces  uguinst  tho 
enemy.  Successful  in  every  battlo,hc  gained  gnat  renown,  and  at  the 
head  of  the  Egyptian  array  he  not  only  drove  tho  Ethiopians  out  of 
Egypt,  but  he  followed  them  inti>  their  own  country  until  he  arrived 
at  their  capital,  Saaba  or  Suhn,  on  the  banks  of  the  Blue  Nile  ;  not  a 
dozen  miles  from  the  spot  upon  which  Khartoum  now  stands  in  N.  lat., 
about  15^  26'.  This  great  town  of  Ethiopia,  protected  by  the  Blue 
Nile  on  ono  side  and  by  the  White  Nile  a  few  miles  in  the  rear,  was 
besieged  by  Moses,  and  would  hardly  have  been  taken,  had  not 
thod:mf»hli..'i'  of  tlif  Ethiopian  l.in^  breome  enraptured  with  thu  accounts 
she  had  received  of  Moms'  renown,  and  grand  personal  appearance; 
her  passion  became  so  great  that  she  mil  u  liLi-swviigi-r,  declaring  that 
she  would  betray  her  lather's  citadel  in  return  for  the  love  of  tho 
Egyptian  general.  She  did  so  ;  the  gates  were  opened,  tho  city  of 
Soba  was  taken,  and  Moses  returned  to  Egypt  victorious  with  his 
Ethiopian  bride.  All  that  we  hear  of  this  lady  in  the  Bible  is  con- 
tained in  Numbers  xii.  1: — "And  Miriam  and  Aaron  spake  against 
Moses  because  of  the  Ethiopian  woman  whom  ho  had  married ;  for  lie 
had  married  an  Ethiopian  woman." 

I  have  dwell  at  Home  length  upon  tin's  incident  to  prove  that,  even 
in  the  reign  of  the  Pharaohs,  Abyssinia,  or  Ethiopia,  was  a  most 
powerful  country;  therefore  although  the  present  race  claims  a 
Jewish  descent,  at  that  remote  period  the  Abyssinians  could  have  had 
no  admixture  of  Israeli tish  blood. 

Wc  shall  now  turn  to  a  more  recent,  although  still  ancient,  period 
of  great  interest  in  Abyssinian  history,  lieanTig  in  mind  that  Saaba,  or 
Soba,  was  the  capital  of  the  country  situated  on  tho  Blue  Nile  due 
south  of  Egypt. 

In  the  reign  of  Solomon  wo  are  told  that  ho  was  visited  by  the. 
great  Queen  of  tho  South— the  Queen  of  Sheba.  It  is  written  in 
I.  Kings:— "But  King  Solomon  loved  many  strange  women,  together 
with  the  daughter  of  1'harauh,  women  of  the  Moabites,  Ammonites, 
Edomites,  Zidonians,  and  Hittitos"  .  .  .  "and  he  had  seven  hundred 
wives  princesses,  and  three  hundred  concubines :  and  his  wives  turned 
away  his  heart." 

As  the  daughter  of  tho  Kiug  of  Saaba  hail  become  enamoured  of 

!oses  through  his  reputation,  so  it  appears  by  Abyssinian  tradition 

that  tho  Queen  of  Sholni.  perhaps  of  tliut  wunc  Etloi'p'ma  capital  Saaba, 

hud  almost  more  than  a  feminine  curiosity  in  making  her  lung  journey 

to  Solomon.     It  is  thu  present  boast  of  Abyssinia  that  the  long  lino 


As  the  daughter  of  tho  King  of  Saaba  hail  become  enamoured  of 
Moses  through  his  reputation,  so  it  appears  by  Abyssinian  tradition 
that  tho  Queen  of  Shelia.  perhaps  of  tliut  wunc  Etloi'jtiaa  capital  Saaba, 
had  almost  mere  than  a  feminine  curiosity  in  making  her  long  journoy 
to  Solomon.  It  is  tho  present  boast  of  Abyssinia  that  the  long  line 
of  her  emperors  descends  direct  from  Mcnilok,  tho  son  of  Solomon 
and  the  Queen  of  Sheba. 

There  are  several  cogont  reasons  for  the  suggestion  that  the 
capital  of  Ethiopia  (Saaba)  was  the  country  of  this  celebrated  bnt 
mysterious  queen.     In  tho  II.  Chronicles  ix.   her  offerings  are  thus 
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described:  "Ami  she  gave  the  king  an  hundred  and  twenty  talents 
of  gold,  and  of  hum  grout  abundance,  mid  precious  stoues:  neither 
was  there  any  such  spice  as  the  Queen  of  Sheba  gave  King  Solomon." 

When  speculating  upon  the  country  from  which  she  caroo,  we 
must  observe  the  character  of  the  presents  delivered  by  the  queen. 
1st,  the  Gold,  This  is  not  only  produced  in  Abyssinia  generally,  but 
even  at  the  present  day  gold  mines  are  worked  by  the  Egyptian 
Government  at  Fazncle,  on  the  Blue  Nile,  which  is  the  river  upon 
which  her  supposed  capital,  Saaba,  was  situated. 

liinl,  the  Spices.  I  imagine  that  the  finest  gum  arabic  is  alluded 
to  under  the  general  name  of  spiee,  as  that  presented  by  tho  Qucon  was 
evidently  a  great  rarity;  it  is  specially  remarked,  "neither  was  there 
any  such  spice  as  the  Queen  of  Sheba  gave  King  Solomon."  It  bo 
happens  that  the  district  of  Kordofan,  a  few  days'  journey  from  tho 
city  of  Saaba,  is  renowned  for  tho  most  beautiful  quality  of  gum 
arable  that  is  produced  livm  its  acacias. 

3rd,  tho  Precious  Stones.  The  ancients  attached  great  value  to  the 
topaz ;  and  we  find  an  allusion  to  this  stone  in  Job  that  is  curiously 
suggestive  in  the  theory  that  the  Queen  of  Sheba  was  Queen  of  Saaba, 
or  Ethiopia:  in  chap,  xxviii.  19,  "Tho  topaz  of  Ethiopia  shall  not 
equal  it."  Thus,  all  those  presents  offered  to  Solomon  by  the  queen 
wore  celebrated  products,  of  Ethiopia,  i,  e.  Abyssinia — gold,  apices, 
and  precious  stones. 

It  is  natural  to  suppose  that  so  important  a  country  as  Ethiopia, 
which  had  at  one  time  c picivd  ly^ypt,  umild  lie  in  regular  com- 
munication with  that  power,  via  the  Nile  and  the  usual  caravan 
routes;  therefore  the  great  queen  would  have  speedily  heard  the 
reports  of  so  renowned  a  king  as  Solomon. 

Accepting  the  Abyssinian  tradition  that  Mcnilek,  the  son  of 
Solomon  and  Queen  of  Sheba,  was  the  first  of  that  royal  line  which 
has  since  governed  the  country,  let  us  turn  our  attention  to  the  last 
farewell,  when  Queen  Sboba  thus  took  leave  of  Solomon,  to  return 
into  Ethiopia.  She  said : — "  Blessed  bo  the  Lord  thy  God,  which 
delighted  in  thee  to  set  thee  on  his  throno,  to  bo  king  for  the  Lord 
thy  God  :  because  thy  God  loved  Israel,  to  establish  them  for  ever, 
therefore  He  made  thee  king  over  them,  to  do  judgment  and  justice." — 
II.  Chron.  ix  8. 

Thus,  about  98*5  b.c.  was  a  belief  in  the  true  God  introduced  to 
tho  pagans  of  Ethiopia,  upon  tho  return  of  their  queen,  who  had 
heard  and  been  converted  by  the  wisdom  of  Solomon ;  and  thus  wero 
Jewish  laws  engrafted  upon  that  land,  of  which  David  had  already 
prophesied  (Psalm  lxviii.  31):  "Princes  shall  come  out  of  " 
Ethiopia  sliall  soon  stretch  out  her  hands  unto  God." 

We  have  every  reason  to  suppose  that  from  this  time  tho  Jewish 
settlements  in  Abyssinia  commenced ;  but  wo  will  at  once  leave  that 
anciont  ejioch,  and  turn  to  that  most  interesting  time  when  Christianity 
first  dawned  upou  the  land. 

Iu  Acts  viii.  wo  have  the  following  graphic  account  of  the  con- 


412  Sir  Samuel  Wltlte  Baker  [June  5, 

version  to  Christ  Sanity  of  tlio  treasurer  of  Ethiopia,  who  is  supposed 
to  have  introduced  that  creed  upon  his  return  to  the  country.  It  is 
written : — 

(Ver.  2G.)  "  And  the  angel  of  the  Lord  spake  unto  Philip,  saying, 
Arise,  and  go  toward  the  sooth  unto  the  way  that  goeth  down  from 
Jerusalem  unto  Gaza,  which  is  desert. 

"And  he  arose  and  went:  and,  behold,  a  man  of  Ethiopia,  an 
eunuch  of  great  aotbol  ity  under  Candaeo  queen  of  the  Ethiopians,  who 
had  the  charge  of  all  her  treasure,  and  hud  conic  to  Jerusalem  fur 
to  worship,  was  returning,  and  sitting  in  his  chariot,  read  Esuius  the 
prophet 

"Then  the  Spirit  said  unto  Philip,  Go  near,  and  join  thyself  to 
this  chariot. 

"  And  Philip  ran  thither  to  him,  and  heard  him  rood  the  prophet 
Esaias,  and  said.  Understand  est  thou  what  thou  readest  ? 

"And  he  said,  How  can  I,  except  some  man  should  guide  mo? 
And  he  dosired  Philip  that  ho  would  come  Tip  and  sit  with  him. 

"  The  place  of  the  scripture  which  he  read  was  this.  He  was  led  as 
a  sheep  to  the  slaughter;  and  like  a  lamb  dumli  before  his  shearer, 
so  opeued  ho  not  his  mouth:  in  his  humiliation  his  judgment  was 
taken  away :  and  who  shall  declare  his  generation  ?  for  his  life  is 
taken  from  the  earth. 

"  And  the  eunuch  answered  Philip,  and  said,  I  pray  thee,  of  whom 
Spcakcth  the  prophet  this  ?  of  himself,  or  of  some  other  man  ? 

"Then  Philip  opened  his  mouth,  and  began  at  the  same  scripture, 
and  preached  unto  him  Jesus. 

"  And  as  thoy  went  on  their  way,  they  came  unto  a  certain  water; 
and  the  eunuch  said,  See,  here  is  water ;  what  doth  hinder  me  to  bo 
baptized  1 

"  And  Philip  said,  If  thou  believest  with  all  thine  heart,  thou 
mayest.  And  he  answered  and  said,  I  believe  that  Jesus  Christ  is  tho 
Bon  of  God. 

"  And  he  commanded  tho  chariot  to  stand  still :  and  thoy  went 
down  both  into  tho  water,  both  Philip  and  tho  euuueh ;  and  he  bap- 
tized him." 

Even  to  this  day  the  Abyssininns  buptiw  by  total  immersion: 
thus  the  first  seeds  of  Christianity  ivi-re  si>un  by  the  eunuch,  upon  his 
return.  We  next  hear  of  the  general  conversion  of  Abyssinia  to 
Christianity,  by  Frumenties,  in  about  a.d.  340,  who  introduced  the 
Coptic  Church  from  Alexandria,  from  which  dato  unto  the  present 
day  it  has  remained  as  an  offset  of  that  Church,  under  the  direction  of 
tho  Coptic  Patriarch. 

In  the  short  space  of  a  discourse  it  is  tmpanible  to  give  more  than 
an  outline  of  the  principal  events  that  have  occurred  in  the  long 
period  of  Ethiopian  history  :  it  will  be  sufficient  to  have  traced  tho 
origin  of  the  conversion  to  Christianity,  and  to  pass  over  tho  less  im- 
portant events  of  the  Greek  settlements  and  the  founding  of  Axum  by 
the  Ptolemies ;  the  mission  of  the  Portuguese  Jesuits  in  tho  fifteenth 
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century,  who,  after  creating  anarchy  throughout  the  country, 
expelled  in  1632  ;  and  the  constant  encroachments  of  the  Mahommcdan 
Gallas.  Every  attempt  to  alter  the  original  faith  of  Abyssinia  has 
failed,  even  down  to  our  own  time,  when  in  1 82'."»  Hishops  (lobat  anil 
Kugler  wero  despatched  by  our  Church  Missionary  Society.  Wo  now 
approach  those  events  which  are  more  specially  interesting  to  US  as 
the  fororuimors  of  the  Abyssinian  difficulty.  Like  the  Jewish  history, 
that  of  Abyssinia  has  been  marked  with  continual  blood-shedding; 
the  descent  from  Solomon  has  been  the  cause  of  perpetual  confusion, 
one  usurper  succeeding  another  under  the  pretext  of  Icfljtttnrifl  birth, 
while  the  civil  wars  have  been  conducted  with  revolting  atrocities. 
At  the  same  time,  the  mutual  hostility  that  marked  the  ancient  histories 
of  Egypt  and  Ethiopia  has  burnt  with  a  steady  flame,  fresh  fuel  having 
been  added  to  the  lire  by  the  fanatical  opinions  of  opposing  creeds, 
the  ancient  Christianity  of  Abyssinia  clashing  with  tho  Mohammed- 
anism of  the  Egyptians. 

Within  the  hist  twenty-five  years  the  Egyptians  have  extended 
their  southern  conquests  until  they  have  absorbed  territories  that 
originally  formed  portions  of  Ethiopia,  and  having  uo  regard  for 
boundaries,  there  has  been  a  constant  border  warfare-  upon  their  elastic 
frontier.  Perpetual  raids  have  been  made  upon  Abyssinian  gronnd, 
villages  plundered,  and  the  young  girls  as  slaves  captured  to  till  tho 
hareems  of  tho  wealthy.  Wide  and  fertile  tracts  of  land  that  I  have 
already  described  arc  uninhabited,  i.™  ing  to  tho  insecurity  of  life  and 
property,  and  the  Abyssinians  havo  withdrawn  into  their  wall  of 
mountains.  In  addition  to  this  difficulty,  tho  hostility  between  the 
two  countries  boa  rendered  it  uext  to  impossible  for  the  Abyssinianu 
to  continue  their  pilgrimages  to  Jerusalem,  to  which  they  have  attached 
extreme  importance  from  very  remote  periods.  At  tho  same  time 
they  have  lost  their  sea-coast,  which  has  been  annexed  by  Egypt. 

Under  these  adverse  circumstances,  Abyssinia  sought  the  protection 
of  England  as  a  Christian  and  powerful  friend. 

In  the  year  1848,  when  lias  Ali  was  King  of  Abyssinia,  Mr.  Plow- 
don,  who  hail  for  some  years  been  resident  as  a  traveller  in  that 
country,  was  appointed  British  consul  by  Lord  Palmerston;  and  tbo 
first  grand  error  was  committed,  by  the  appointment  of  a  consul  in  the 
interior  of  a  savage  country,  where  he  could  not  possibly  bi:  supported. 

In  the  year  1853  a  claimant  to  the  throne  appeared  in  the  person 
of  one  Kasai,  of  Kwora,  on  the  Senaar  frontier,  who  declared  himself 
to  be  the  rightful  heir  to  the  throne,  am  the  direct  descendant  of 
Menilek,  the  son  of  Solomon.  This  man  combined  high  qualities  of 
courage  and  ability  that  shortly  procured  him  extraordinary  influence; 
and  his  success  was  so  unvarying  aud  rapid,  that  a  superstitious  awo 
seized  upon  his  enemies:  to  meet  Theodore  Kasai  in  battle  was  to  be 
defeated.  Ros  Ali  was  dethroned,  and  in  1855  Theodore  was  crowned 
by  the  Aboona  as  "  King  of  kings  of  Ethiopia." 

At  that  time  there  was  in  Abyssinia  an  English  gentleman  adven- 
turer, named  Bell :  it  was  this  traveller  who  first  induced  our  country- 
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man  Mr.  Plowden  to  visit  Abyssinia,  in  which  country  both  those 
gentlemen  eminently  distinguished  themselves ;  and  after  gaining  an 
extraordinary  influence  with  the  King  Theodoras,  they  died  by  tho 
hands  of  his  ouemies.  Mr.  Bell  served  as  his  commander  in-chief, 
and,  after  great  exploits,  tell  in  lm.tt.Ii>  in  the  service  of  the  king;  bat 
Mr.  Plowden,  who  was  appointed  British  consul  fur  Abyssinia  in  1848, 
was  attacked  upon  the  nmd  during  it  journey,  and  was  killed  by  a  party 
of  the  king's  enemy,  Negnussee.  Thib  sad  event  occurred  in  February, 
1860;  and  Theodore  avenged  the  death  of  his  friend  by  the  execution 
of  Negouasoe  and  a  number  of  his  people. 

At  that  time  Theodore  was  a  linn  friend  to  tho  English,  who 
supposed  to  reciprocate  the  feeling,  as  Her  Majesty's  Government  hail 
already,  in  184 'J,  entered  into  a  treaty  with  Abyssinia,  and  had  also 
interfered  for  tho  protection  of  the  Abyssiuians  from  the  attacks  of  tho 
Egyptians;  vide  tho  following  despatch  from  Lord  Clarendon,  then 
Secretary  of  State  for  Foreign  Affairs,  to  the  Consul-general  of  Egypt, 
dated  30th  June,  1854:— 

"You  will  state  to  the  Pasha  distinctly  that  Her  Majesty's  Govern- 
ment will  not  acquiesce  in  any  assumption,  either  on  tho  port  of  the 
Porto  or  that  of  himself,  of  any  authority  over  the  independent  terri- 
tories of  Abyssinia;  and  that  Her  Majesty's  Government  will  wateh 
over  tho  interests  of  the  Christians  in  that  country,  and  not  allow  them 
to  be  maltreated  or  oppressed  by  their  Mussulman  neigh  bonus."* 

Believing  in  the  friendship  of  England,  and  devoted  in  his  admi- 
ration of  those  good  specimens  of  Englishmen,  I'lowden  and  Bell,  who 
had  won  so  great  an  influence,  that  extraordinary  man  Theodore,  with 
a  mind  of  no  common  capacity,  organized  a  plan  for  the  regeneration 
of  his  country,  and  determined  that  Ethiopia  should  resume  her  high 
position  among  the  empires  of  the  oast. 

There  is  an  extreme  interest  in  tracing  the  grand  views  of  this 
remarkable  man  at  that  early  stage  of  his  career,  before  his  plans  had 
been  thwarted,  and  he  had  been  rendered  cruel  ami  desperate  by  con- 
stant rebellions,  ingratitude,  and  treachery  ;  before  he  had  discovered 
that  the  material  that  he  governed  was  inadequate  to  tho  great  task  he 
contemplated. 

In  an  interesting  work  published  by  tho  deceased  Consul  Plowden Ts 
brother,  we  have  the  advantage  of  his  manuscript  written  in  Abyssinia 
at  a  time  when  he  was  the  king's  most  intimate  friend,  and  shared  all 
bis  projects.     He  writes,  in  page  455  : — 

"  King  Theodoras  is  young  in  years,  vigorous  in  all  manly  exercises, 
of  a  striking  countenance,  peculiarly  polite  and  engaging  when  pleased, 
and  mostly  displaying  gnat,  tact  and  delicacy. 

"  He  is  persuaded  that  ho  is  destined  to  restore  the  glories  of  the 
Ethiopian  empire  and  to  achieve  great  conquests  ;   of  untiring 
both  mental  and  bodily,  his  personal  and  moral  daring  aro  boundless. 
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"  When  aroused.  Lis  wrath  is  terrible,  aud  all  tremble,  but  at  all 
moments  he  possesses  a  perfect  self-coiimmnd.  Indefatigable  in  busi- 
uoss.  lie  takes  little  repose-  night  or  day;  his  ideas  and  language  are 
dear  and  preei.se,  ln-sitatu  in  is  nut  known  to  him,  and  he  lias  neither 
counsellors  ncr  go-betweens. 

"  He  is  fond  of  splendour,  and  receives  in  state,  even  on  a  campaign. 
Ho  is  unsparing  in  punishment  (very  necessary  to  restrain  disorder 
and  to  restore  order  in  such  a  wilderness  as  Abyssinia).  He  salutes 
his  meanest  subject  with  courtesy,  is  sincerely,  though  often  mistakenly, 
religious,  and  will  acknowledge  a  fault  committed  towards  his  poorest 
follower  in  a  ruomeut  of  passion,  with  sincerity  and  grace. 

"  Ho  is  generous  to  excess,  aud  free  from  all  cupidity,  regarding 
nothing  with  pleasure  or  desire  but  munitions  of  war  for  bis  soldiers. 
He  has  hitherto  exercised  I  he  utoi.'.-t  eliiinricy  towards  the  vanquished, 
treating  them  rather  as  his  friends  than  his  enemies.  His  faith  is 
signal.  '  Without  Christ,'  lie  says,  '  I  am  nothing  ;  if  he  has  destined 
me  to  purity  and  reform  this  distracted  kingdom,  with  his  aid,  who 
shall  stay  me?' 

"  The  worst  points  in  his  character  are  his  violent  anger  at  times, 
his  unyielding  pride,  as  regards  his  kingly  and  divine  right,  and  his 
fanatical  religions  zeal. 

"  Married  himself  at  the  altar,  and  strictly  continent,  ho  has  ordered 
or  persuaded  all  who  love  him  to  follow  his  example,  aud  he  exacts 
the  greatest  decency  of  manners  and  conversation ;  this  system  he 
hopes  to  extend  to  all  classes. 

"He  has  begun  to  substitute  letters  for  verbal  messages.  After 
perusing  the  '  History  of  the  Jesuits  in  Abyssinia,'  he  has  decided  that 
no  Roman  Catholic  priests  shall  teach  in  his  dominions.  To  foreigners, 
however,  he  permits  the  free  exercise  of  their  religion,  but  prohibits 
all  preaching  contrary  to  the  doctrine  of  the  Coptic  church. 

"  He  is  particularly  jealous  of  his  sovereign  rights  and  of  anything 
that  appears  to  trench  on  them  ;  he  wishes  in  a  short  time  to  send  em- 
bassies to  the  great  European  powers,  to  treat  with  them  on  equal  terms. 

"Some  of  his  ideas  may  be  imperfect,  others  impracticable  ;  but  a 
man  who,  rising  from  the  clouds  of  Abyssinian  ignorance,  without 
assistance  and  without  advice,  has  done  so  much,  and  contemplates 
snch  large  designs,  cannot  Iki  regarded  as  of  an  ordinary  stamp." 

In  his  private  conversations  with  Mr.  Plowden  the  character  of 
Theodore  is  strikingly  displayed. 

On  one  occasion  he  said,  "  You  and  Bell  only  love  me.     A 
ans  are  governed  by  God's  will,  and  I  have  yet  much  to  do.     What 
if  I  died  to-night  (cholera  was  then  raging),  or  turned  monk,  but  that 
God  wills  me  for  this  work? 

"  If  you  gave  me  this  room  full  of  gold,  of  what  use  would  it  be 
to  me  ?  I  wish  for  knowledge  to  avoid  the  necessity  of  severe  punish- 
ment, and  to  put  my  country  in  order.  As  God  has  given  this  throne 
to  me,  a  beggar,  so  let  Him  give  me  knowledge." 

On  another  occasion,  previous  to  his  departure  on  a  campaign. 
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when  Mr.  riowden  refused  to  accept  his  gifts,  lie  said,  "  Our  country 
requires  ue  to  be  hospitable ;  wo  must  wash  the  feet  of  strangers. 
By  whose  power  are  we  now  in  ft  bouse,  and  not  in  a  wilderness? 
I  do  not  give  you  pay  or  raiment,  I  only  give  you  t tread  and  water, 
you  must  receive  them.  I  know  you  are  richer  than  I  am,  but  now  it 
is  only  a  loan,  and  you  will  repay  me  hereafter  in  deeds."  I  replied, 
"I  am  nothing;  my  Queen  only  con  bo  of  use  to  you."  He  said, 
"Listen!  without  Gods  permission  all  the  kings  of  the  earth  could 
not  prevail  against  me,  and  I  fear  thorn  not;  but  your  Queen,  a 
Christina,  has  sent  you  to  mo,  and  with  unites  us :  Christ  wills  our 
friendship.     God  may  design  mo  good  in  this." 

Mr.  Plowdeu  adds,  "Ho  then  called  me  apart  and  offered  me 
1000  dollars  to  enable  me  to  live  in  comfort  in  his  absenco,  which  I 
refused.  He  then  took  my  hand,  and  said,  '  All  men  arc  mortal ;  if 
anything  happens  to  mo,  befriend  my  son.  Write  to  your  country, 
say  you  had  n  friend  who  loved  you  all,  mid  who  intended  to  send 
an  embassy  to  you  for  your  friendship,  and  beg  them  to  support  my 
son.'     I  assented.     He  said,  '  I  love  and  trust  you,  good-bye.*  " 

This  is  a  selection  from  similar  eon versat ions  with  Mr.  Plowden, 
which  exhibit  tho  intensity  of  feeling  of  the  king;  at  the  some  time 
it  is  a  record  of  the  judgment  and  discretion  that  were  displayed  by 
tho  consul.  He  wisely  declined  the  king's  gifts,  thereby  upholding 
the  dignity  of  tho  Queen,  and  retaining  his  complete  independence; 
at  tho  eamo  time  his  relations  with  the  king  were  those  of  the 
warmest  friendship. 

We  will  now  change  the  scene.  Theodore's  enemies  had  killed  his 
bosom  friends,  the  two  Englishmen  IJell  and  Plowden;  he  was  thus 
robbed  of  those  two  sincere  advisers  to  whom  he  could  always  turn  for 
an  opinion,  and  in  whom  ho  hail  phiecd  implicit  trust.  From  that  date 
the  character  of  Theodore  changed  wilh  siK'eceJing  events.  Tho  rebels 
tormented  him  on  nil  sides ;  the  European  missionaries  wore  an 
annoyance;  tho  Egyptians  made  raids  upon  his  frontier;  ho  had  lost 
those  friends  to  whom  ho  could  turn  for  sympathy— they  were  dead. 
A  new  consul,  Mr.  Cameron,  was  appointed  from  Englnud. 

Theodore  hod  been  assured  of  the  friendship  of  England,  and  ho 
had  wished  to  send  nn  embassy  to  the  Queen  ;  this  was  declined  on  our 
side.  He  requested  Mr.  Cameron  to  forward  nn  urgent  letter  to  the 
Queen ;  this  request  was  complied  with ;  the  letter  was  sent,  and  he 
anxiously  awaited  a  reply. 

In  the  mwnlltiin  the  Egyptians  continued  their  attacks  npon  his 
frontier.  England  had,  as  we  have  already  seen,  interfered  to  protect 
Abyssinia  from  aggression,  but  no  active  assistance  was  given.  The 
British  consul,  Mr.  Cameron,  passed  over  into  Egypt,  and  remained 


jjiiuhii  cousin,  mr.  v. annum,  passed  over  linn  J.gypi,  nun.  rermuuea 
with  the  enemies  of  Abyssinia.  The  king  liecnme  suspicious  ;  where 
.wero  the  dear  friends  of  old  in  whom  ho  had  always  trusted — Plowden 
and  Bell  ? 

Mouths  passed  away.     Mr.  Cameron  returned  to  Abyssinia,  but  no 
reply  arrived  from  tho  Queen  to  his  urgent  letter.    Fresh  insurrections 
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broke  out  at  home.  Constantly  worried  by  the  Egyptians  on  ono  side, 
bytheGallas  on  the  ether,  and  bis  empire  railed  with  internal  discord, 
the  heart  of  the  king  grew  hard  ;  all  those  sanguine  hopes  of  regene- 
rating Ethiopia,  the  day-dreams  of  his  youth,  had  faded.  Disappointed, 
deceived,  cajoled,  the  naked  truth  lay  hare  before  him  —  England  had 
deserted  him ;  the  country  in  which  he  had  trusted  had  not  even  con- 
descended to  notice  his  letter  to  the  Queen.  Was  it  possible?  Perhaps 
that  letter  was  never  forwarded,  and  be  had  been  deceived  by  Cameron. 
This  suspicion  was  maddening.  Cameron  hod  visited  the  Egyptians, 
his  enemies,  and  therefore  be  might  be  hit  enemy. 

Years  passed  away — nearly  three  years;  the  King  of  kings  of 
Ethiopia,  Theodorus,  was  no  longer  the  Theodore  of  former  days,  when 
he  leant  on  his  faithful  councilors.  I'lowden  and  Bell;  soured  and 
despairing,  the  softer  portions  of  his  nature  grew  callous,  and  all  that 
remained  were  the  indomitable  courage,  the  pride,  and  chivalry  of  the 
king. 

In  the  meanwhile  that  important  letter  upon  which  Ids  hopes  hod 
centred,  lay  utterly  ignored  and  unanswered,  in  some  dusty  pigeon-hole 
of  the  Foreign  Office,  while  our  suspected  consul  was  lying  in  chainB 
in  Abyssinia ! 

It  is  painful  to  follow  the  successive  phases  of  the  Abyssinian 
difficulty. 

Mr.  Rassam  was  sent  as  British  envoy.  In  the  meantime  the  king 
had  increased  in  tyranny  and  suspicion  ;  ho  had  placed  all  the 
Europeans  in  chains. 

Mr.  Itassam's  mission  failed ;  the  Oriental  etiquette  of  exchange 
of  presents  was  frightfully  transgressed.  The  members  of  Mr. 
Bassam's  mission  were  added  to  the  captives. 

England  was  insulted.  The  report  had  spread  through  Egypt  and 
India  that  a  British  consul  and  envoy  wero  in  chains.  Wo  determined 
npon  war. 

The  events  of  this  war  aro  too  well  known  to  he  repeated.  From 
the  days  of  Hannibal,  who  marched  his  array  and  elephants  across  tho 
Alps,  no  such  mountain -march  has  been  performed  as  that  by  Sir 
Robert  Napier,  who  with  a  skill  and  foresight  unequalled  in  modern 
times  has  cut  a  road  for  400  miles  through  tho  Abyssinian  Alps, 
beaten  the  enemy,  rescued  the  prisoners,  and  wo  trust  has  by  this  time 
returned  with  tho  army  to  the  Hod  Sea. 

Thus  closes  the  Abyssinian  drama  ;  and  thus  all  the  grand  visions 
of  the  proud  Theodore  for  the  re  generation  of  Ethiopia  have  dis- 
solved. With  all  his  faults,  Theodore  was  a  remarkable  character ; 
faithful  to  the  memory  of  his  first  frienils,  tho  Englishmen,  Plowilcn 
and  Bell,  he  has  never  spilt  one  drop  of  English  blood— he  bos  never 
hurt  a  European  hood ;  be  delivered  tho  captives  into  our  hands  safe 
and  in  robust  health.     His  army  deserted  him,  and  delivered  up  the 

Lkey  of  his   position.     Too  bravo   to  yield,  too  proud  to  swell  the 
triumph  of  his  conqueror,  ho  determined  to  die  as  ho  had  lived,  as 
"  King  of  kings   of  Kthiopia."     With   a   few   devoted  followers   he 
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faced  tho  storm  of  the  British  assault.  Crushed  by  the  overwhelming 
odds,  his  bravo  adherents  were  swept  down  ;  and  as  Saul,  when  the 
buttle  went  against  him,  fell  Tipon  his  own  sword,  so  the  great 
Theodore  ended  his  career  with  a  pistol-shot  through  his  brain.  He 
had  formerly  received  that  pistol  as  a  present  from  Her  Majesty  the 
Queen  of  England. 

Thus  passed  away  this  extraordinary  man.  Of  his  cruelties  wo  will 
not  spoak;  they  wero  not  more  than  a  repel .ition  of  tin  two  bloody  events 
that  have  evor  stained  tho  history  of  Abyssinia.  However  horrible, 
they  woro  inferior  to  those  wholesale  massacres  committed  by  Moses, 
Joshua,  and  those  eminent  diameters  in  Jewish  history  which  are 
looked  upon  in  Abyssinia  as  models  of  virtue  :  hardly  were  they  more 
terrible  than  acts  in  the  reign  of  Mary  committed  in  our  own  country. 

The  niel;  of  Mu^iklu  i-  the  everlasting  tuinbatono  that  covers  the 
remains  of  Theodore,  Kill)?  of  Ethiopia ;  at  the  same  time  it  is  an 
imperishable  monument  not  only  of  British  bravery  and  enterprise, 
but  of  British  justice  and  moderation  :  unlike  those  savage  wars  that 
have  reddened  their  paths  with  blood,  and  desolated  the  land  by  rapine, 
no  single  act  of  injustice  has  been  reported  throughout  our  long  and 
difficult  march,  and  England  retires  from  Abyssinia  respected  by 
barbarians  am!  honoured  by  the  civilized  world. 

Thus  the  curtain  falls  upon  the  last  act  in  the  Abyssinian  tragedy. 
In  condusion,  I  cannot  help  milling  those  pathetic  words  in  tho  first 
net  addressed  by  tlie  king  1  ■  >  his  friend  1 'low. leu  at  the  moment  of  part- 
ing :  he  said,  "  Write  to  your  country,  say  you  had  a  friend  who  loved 
yon  all,  and  who  intended  to  send  an  embassy  to  you  for  your  friend- 
ship, and  beg  them  to  support  my  son;"  the  consul  assented,  and 
Theodore's  last  words  wore,  "  I  love  and  trust  you,  good- bye." 

All  Englishmen  must  bo  gratified  that  this  confidence  was  not 
misplaced.     At  that  time  Theodore  was  our  friend,  but  the  trust  has 

lieon  deemed  s-icred  ultl di  he  died  as  our  enemy.     Only  yesterday 

a  telegram  was  received  from  Sir  Robert  Napier,  reporting  the  death 
of  Theodore's  queen,  and  craving  permission  that  the  orphan  Bon,  a 
child,  might  bo  taken  to  Bombay  for  protection  ami  education.  Thus 
a  descendant  of  Solomon  and  the  Queen  of  Sheba  remains  beneath  the 
British  flag,  who,  civilized  by  our  laws  and  educated  in  the  mercies  of 
Christianity,  may  on  some  future  day  sit  upon  his  lata  father's  throne, 
and  carry  out  his  grand  but  futilo  plans  for  the  regeneration  of 
Abyssinia, 
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On  Ike  Source  of  Light  in  Luminous  Flames. 

The  moat  prolific  source  of  error  amongst  mankind  is  the  unques- 
tioning acceptation  of  authoritative  opinion.  However  much  wo  may 
pride  ourselves  upon  the  sifting  of  the  explanations  of  things  by  our 
own  enlightened  judgments,  it  iMnrmt  bo  denied  that  the  ipse  dixit 
mode  of  settlement  is  still  wonderfully  frequent  amongst  us.  Not 
only  is  this  tho  case  with  the  public  in  general,  but  even  the  culti- 
vators of  science  iiiv  nut  iihtiivlv  iiiu.it-r'iit  of  the  sumo  weakness. 

The  essential  difference  between  a  fact  and  a  theory  is  not  always 
appreciated  with  sufficient  vividness.  The  statement  that  "  16  parts 
by  weight  of  oxygen  unite  with  2  parts  of  hydrogen  to  form  water,"  is 
considered  by  many,  for  instance,  as  perfectly  gJOOOytUMU  with  the 
assertion  that  "  1  atom  of  oxygen  unites  with  2  atoms  of  hydrogen  to 
form  water." 

The  existence  of  an  imponderable  ethereal  medium  tilling  all  space 
is  often  regarded  as  eqnaJJy  certain  with  tho  presence  of  a  gaseous 
envelope  surrounding  our  globe. 

The  atomic  theory  and  the  hypothesis  of  an  ethereal  medium  are, 
at  present,  absolutely  necessary,  the  one  to  the  progress  of  chemistry, 
the  other  to  the  further  development  of  physics;  but  neither  this 
circumstance  nor  the  splendid  discoveries  made  by  their  aid  can 
establish  their  truth.  A  mathematician  starting  from  false  data  is 
sure  to  arrive  at  a  false  result;  but  it  is  far  otherwise  with  theory,  for 
false  theories  eau,  and  constantly  do,  conduct  to  true  facts.  Thus 
Columbus's  counterpoise  theory  of  the  earth  led  to  the  discovery  of 
America,  although  that  theory  was  nevertheless  essentially  false. 

The  most  sober  worker  in  scient*  cannot  progress  without  the 
assistance  of  theory  to  co-ordinate  his  facts,  and  to  lead  him  od  to 
further  research.  It  is  here  that  even  a  false  theory  is  invaluable, 
and  it  is  only  when  the  theory  continues  to  be  held  after  it  has 
become  opposed  to  facts,  that  it  exercises  a  prejudicial  influence 
npon  the  progress  of  science.     Then  it  hinders  rather  than  expedites 
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the  advance  of  tlio  experimenter,  anil  ought  to  bo  at  onco  aban- 
doned. 

In  pursuing  the  investigation  forming  the  subject  of  this  discourse, 
the  speaker  had  been  compelled  thus  to  abandon  a  theory  of  the 
source  of  light  in  luminous  flames,  which  he,  in  common  with  others, 
had  derived  from  Davy's  classical  researches  on  flame. 

Our  test-books  answer  the  question.  What  is  the  source  of  light  in  a 
luminous  gas  or  candle  flame '/  in  the  most  positive  and  unanimous 
manner. 

Selecting  from  somo  of  the  most  celebrated,  the  following  quota- 
tions may  be  made : — 

"  All  our  urtiticiul  lightu  depend  upon  the  ignition  of  solid  matter, 
in  the  intense  heat  dcvi/lopcd  by  the  diumH'al  changes  attendant  on 
combustion." —  IV.  A.  Miller. 

"  Whonover  hydrocarbons  aro  imperfectly  burnt,  there  is  a  deposi- 
tion of  carbon,  and  this  temporary  deposition  of  carbon  is  an  essential 
condition  for  the  production  of  the  white  light  required  in  an  ordinary 
flame." —  Williamson. 

"  The  illuminating  power  of  the  gas  flame  is  therefore  due  to  these 
carbon  particles,  which  are  afterwards  burned  nearer  the  border  of  the 
flaino." — Balfour  Steaart. 

"  The  brightness  or  illuminating  power  of  flamo  depends  not  only 
on  the  degree  of  heat,  but  likewise  on  the  presence  or  absence  of  solid 
particles  which  may  act  as  radiant  points.  A  flame  containing  no 
such  particles  emits  but  a  feeble  light,  even  if  its  temperature  ia  the 
highest  possible," — Watts, 

The  speakor  then  proceeded  to  investigate  a  number  of  different 
flames :  ho  showed  that  there  are  many  flames  possessing  a  high 
degree  of  luminosity,  which  cannot  possibly  contain  solid  particles. 
Thus  the  (lame  of  metallic  arsenic  binning  in  nxyg.:ii  emits  a  remark- 
ably intense  white  light ;  and  as  metallic  arsenic  volatilizes  at  180°  C, 
and  its  product  of  combustion,  arseniuus  anhydride,  at  218'3  C,  whilst 
the  temperature  of  incandescence  in  solids  is  at  least  500°  C,  it  is 
obviously  impossible  here  to  assume  the  presence  of  ignited  solid 
particles  in  the  flamo.  Again,  if  carbonic  disulpliidc  vapour  be  made 
to  burn  in  oxygen,  or  oxygen  in  carbonic  disulphide  vapour,  an  almost 
in  supportably  brilliant  light  is  tlio  result;  now  fuliginous  matter  is 
never  present  in  any  part  of  this  flame,  and  the  boiling  point  of 
sulphur  (440°  C.)  is  below  the  temperature  of  incandescence,  so  that 
the  assumption  of  solid  particles  in  the  flame  is  here  also  inadmissible. 
If  the  last  experiment  bo  varied  by  the  substitution  of  nitric  oxide  gas 
for  oxygen,  the  result  is  still  the  same ;  and  the  dazzling  light  pro- 
duced by  the  combustion  of  these  compounds  is  also  so  rich  in  the 
more  refrangible  rays,  that  it  has  been  employed  in  taking  instan- 
taneous photographs,  and  for  exhibiting  llie  phenomena  of  fluorescence. 
Lastly,  amongst  tlio  chemical  reactions  celebrated  for  the  production 
of  dazzling  light,  thero  are  few  which  surpass  tho  active  combustion 
of  phosphorus  in  oxygen.     Now  phosphoric  anhydride,  tho  product    " 
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this  combustion,  is  volatile  at  a  rod  heat,"  and  it  is  therefore  mi 
festly  impossible  that  this  substance  should  exist  in  the  solid  form  at 
the  temperature  of  the  phosphorus  flame,  which  fur  transcends  the 
melting  point  of  platinum. 

For  these  reasons,  and  for  others  which  the  speaker  hod  stated  in 
a  course  of  lectures  on  Coal-Gas,  delivered  in  March,  1867,  and 
printed  in  the  '  Journal  of  Gas  Lighting,'  ho  considered  that  incan- 
descent particles  of  carbon  are  not  the  source  of  light  in  gas  and 
candle  flames,  but  that  tho  luminosity  of  thoso  flames  is  due  to 
radiations  from  dense,  but  transparent  hydrocarbon  vapours,  As  ft 
further  generalization  from  the  above-men tioneil  llljalillllllllM,  ho  was 
led  to  the  conclusion  that  dense  gases  and  vapours  become  luminous 
at  muck  lower  temperatures  than  aeriform  fluids  of  comparatively  low 
specific  gravity ;  and  that  this  result  is  to  a  great  extent,  if  not 
altogether,  independent  of  tho  nature  of  the  gas  or  vapour,  inasmuch 
as  he  found  that  gases  of  low  density,  which  aro  uot  luminous  at  a 
given  temperature  when  burnt  under  common  atmospheric  pressure, 
become  so  when  they  are  simultaneously  compressed.  Thus  mixtures 
of  hydrogen  and  carbonic  oxide  with  oxygen  emit  but  little  light 
when  they  aro  burnt  or  exploded  in  free  air ;  but  exhibit  intense 
luminosity  when  exploded  in  closed  glass  vessels,  so  as  to  prevent 
their  expansion  at  the  moment  of  combustion. 

In  a  communication  just  made  to  the  Hoyal  Society  tho  speaker 
had  described  the  extension  of  these  experiments  to  the  combustion 
of  jets  of  hydrogen  and  carbonic  oxide  in  oxygen  under  a  pressure 
gradually  increasing  to  twenty  atmospheres.  These  experiments, 
which  were  conducted  in  tho  laboratory  of  the  Royal  Institution, 
were  made  in  a  strong  wroughi^iron  vessel  furnished  with  a  thick 
glass  plate  of  sufficient  size  to  permit  of  the  optical  examination  of 
tho  flame.  Tho  appearance  of  a  jet  of  hydrogen  burning  in  oxygen 
under  the  ordinary  atmospheric  pressure  was  exhibited.  On  increas- 
ing the  pressure  to  two  atmospheres,  the  previously  feeble  luminosity 
was  shown  to  be  very  markedly  augmented,  whilst  at  ten  atmospheres' 
pressure,  the  light  emitted  by  a  jet  ab^ut  one  inch  long  was  amply 
sufficient  to  enable  tho  observer  to  read  a  ne.vspapcr  at  a  distance  of 
two  feet  from  tho  flamo,  and  this  without  any  reflecting  surface 
behind  the  flame.  Examined  by  the  spectroscope,  the  spectrum  of  this 
flame  is  briijhl  mid  jm-f  cthj  c<  nli>i>ii.iun  Jhmt  iol  to  violet. 

With  a  higher  initial  luminosity,  the  flame  of  carbonic  oxide  in 
oxygen  becomes  much  more  luminous  at  a  pressure  of  ten  atmospheres 
than  a  flame  of  hydrogen  of  the  BUM  size  and  burning  under  the  some 
pressure.     Tho  spectrum  of  carbonic  oxide  burning  in  oxygen  under 


•   Davy 

He  iev»: — "Sums:  this  |  mj  -  ■  r  I  hi..  U,  n  writ  it  u,  I  kivu  fuuml  Unit  phosphoric  nci't 
rohitiliz..:t  slowly  nt  a  nlrunj;  nil  hi-.it,  but  miikr  tm.Hl.Tnt.'  j.n-.-iuiv  it  1..  nrs  ;i 
white  hint ;  am!  in  n  flame  bh  IntcfM  iw  Hint  of  plioHn  horns,  tbo  elastic  force  m  ' 
produce  tlie  effect  ef  comprouion,"—  fluey 'l  Worki,  vol.  vL,  p.  48. 
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a  pressure  of  fourteen  atmospheres  is  very  brilliant  and  perfectly 
continuous. 

If  it  bo  truo  that  dense  gases  emit  more  light  than  tare  ones  when 
ignitod,  tho  passage  of  the  eleclrie  spark  through  diucreiit  gases  ought 
to  produce  an  amount  of  light  varying  with  the  density  of  the  gas ;  and 
the  speaker  showed  that  electric  sparks  passed  as  nearly  as  possible, 
under  similar  conditions,  through  hydrogen,  oxygen,  chlorine,  and 
sulphurous  anhydride,  emit  light.  the  intensity  of  which  is  very  slight 
in  the  case  of  hydrogen,  considerable  in  that  of  oiygen,  and  very 
great  in  the  case  of  chlorine  and  sulphurous  anhydride.  On  passing 
a  stream  of  induction  sparks  through  the  gas  standing  over  liquefied 
sulphurous  anhydride  in  a  strong  tithe  at  the  ordinary  temperature, 
when  a  pressure  of  about  three  atmospheres  was  exerted  by  the  gas,  u 
very  brilliant  light  was  obtained.  A  stream  of  induction  sparks  was 
passed  through  air  confined  in  a  glass  tube  connected  with  a  con- 
densing syringe,  and  tho  pressure  of  the  air  being  then  augmented  to 
two  or  three  atmospheres,  a  very  marked  increase  in  the  luminosity  of 
the  sparks  was  observed,  whilst  on  allowing  the  condensed  air  tu 
escape,  the  same  phenomena  were  obst-rved  in  the  reverse  order. 

Way's  men- u liu]  lieht  «as  als.1  uxhibitcd  us  an  instance  of  intense 
light  produced  by  tho  ignition  of  tho  heavy  vapour  of  moreury. 

The  gases  and  vapours  just  mentioned  have  the  following  relative 
densities : — 

Hydrogen       1 


Oxygen  .. lti 

Sul [liiuroOB  nnliy driile 32    ' 

Chlorine 35"5 

Memory 100 

Phoaphuric  niihyriride 71  or  1 


h 


The  feeble  light  emitti  d  by  phosphorus  when  hurtling  in  chlorine 
seems,  at  first  sight,  to  be  an  exception  to  the  law  just  indicated,  for 
the  density  of  the  product  {if  combustion  (phosphorous  trichloride) 
68'7  would  lead  us  to  anticipate  the  evolution  of  considerable  light. 
Hut  it  must  he  borne  in  mind  that  the  luminosity  of  a  flame  depends 
also  upon  its  toinponituiv,  and  it  can  be  shown  that  the  temperature 
in  this  case  is  probably  greatly  inferior  to  that  produced  by  the  com- 
bustion of  phosphorus  in  oxygon.  Wo  havo  not  all  the  necessary 
data  for  calculating  tho  temperature  of  these  flame?,  but,  according  to 
Andrews,  phosphorus  burnt  in  oxygen  gives  5747  heat  units,  which, 
divided  by  the  woight  of  tho  product  from  one  groin  of  phosphon 
gives  2500  units.  When  phosphorus  burns  in  chlorine,  it  gives  onl 
according  to  tho  same  authority,  2085  heat  units,  which,  divided  ■ 
before  by  the  weight  of  the  product,  gives  470  units.  It  is  therefore 
evident  that  the  temperature  in  tho  latter  case  must  be  greatly  below 
that  produced  in  the  former,  unless  the  specific  heat  of  phosphoric 
anhydride  be  cuonuou-lv  liighor  than  that  of  phosphorous  trichloride. 
The  speaker  had,  in  fact,  found  that  if  tho  temperature  of  tho  flame  of 
phosphorus,  burning  in  chlorine,  bo  raised  about  500°  C.  by  previot 
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beating  both  elements  to  that  extent,  the  flame  emitted  a  brilliant 
white  light. 

To  return  to  ordinary  luminous  flames,  the  argument  of  the  neces- 
sity of  solid  particles  to  explain  their  luminosity  obviously  falls  to  the 
ground ;  and  a  closer  examination  into  the  evidence  of  the  existence  of 
these  particles  reveals  its  extreme  weakness.  Soot  from  a  gas  flame 
is  not  elementary  carbon,  it  always  contains  hydrogen.  The  perfect 
transparency  of  the  luminous  portion  of  flame  also  tends  to  negative 
the  idea  of  the  presence  in  it  of  solid  particles.  The  continuous  spec- 
trum of  gas  and  candle  flames  does  not  require,  as  is  commonly 
supposed,  the  assumption  of  solid  particles.  The  spectra  of  the  flames 
of  carbonic  oxide  in  air,  of  carbonic  disulphide,  arsenic,  and  phosphorus 
in  oxygen,  are  continuous,  and  so,  as  we  have  seen,  is  that  of  hydrogen 
burning  in  oxygen  under  a  pressure  of  ten  atmospheres.  It  is  to  the 
behaviour  of  hydrocarbons  under  the  influence  of  heat  that  we  must 
look  for  the  source  of  luminosity  in  a  gas  flame.  These  gradually 
lose  hydrogen,  whilst  their  carbon  atoms  coalesce  to  form  compounds 
of  greater  complexity,  and  consequently  of  greater  vapour  density. 
Thus  marsh-gas  (C  H4)  becomes  acetylene  (Ca  H8),  and  the  density 
increases  from  8  to  18.  Again,  olefiant  gas  (C*  H4)  forms  naphthaline 
(C10  H,),  when  the  vapour  density  augments  from  14  to  64.  These 
are  some  of  the  dense  hydrocarbons  which  are  known  to  exist  in  a  gas 
flame,  but  there  are  doubtless  others  still  more  dense ;  pitch,  for  instance, 
must  consist  of  the  condensed  vapours  of  such  heavy  hydrocarbons, 
for  it  distils  over  from  the  retorts  in  the  process  of  gas-making. 
Candle  flames  are  similarly  constituted.  The  direct  dependence  of 
the  luminosity  of  gas  and  candle  flames  upon  atmospheric  pressure, 
also  strongly  confirms  the  view  that  the  light  of  these  flames  is  due  to 
incandescent  dense  vapours. 

This  inquiry  cannot  be  confined  to  terrestrial  objects.  Science 
seeks  alike  for  law  in  the  meanest  and  grandest  objects  of  creation. 
From  questioning  a  candle  she  addresses  herself  to  suns,  stars,  nebulas, 
and  comets ;  the  same  considerations  which  have  just  been  applied  to 
gas  and  candle  flames  are  equally  pertinent  to  these  great  cosmical 
sources  of  light. 

[E.F.] 
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The  Managers  announced,  That,  in  conformity  with  tho  Deed  of 
Endowment,  they  bud  appointed  William  Odlimo,  Esq.  M.B.  F.R.8. 
PulloTian  Professor  of  Chemistry,  in  the  room  of  the  lute  Pbofebsor 
Faraday. 

Tbo  Presents  received  einco  tho  last  Meeting  were  laid  on  the 
tahlo,  and  tho  thanks  of  tin;  Members  returned  for  the  same,  viz.  :- 

Governor- General  of  Initio — Geological  Survey  of  India: — 

AuduqI  Eeport.    1867. 

Memoirs.    Vol  VI.  Parts  1,  2.     Svo.     1868. 

Catalogue  of  Meteorites.     4to.     1867. 

Pulreonteligm  India*.     V.  1-4.     ito.     1867. 
Britith  Mutcim,  Trustees— Catalogue  of  S|>. ■c-hrvim  "t"  Rlaturire.     Svo.     1808. 
Commitniowert  iu  Luiuwg— Twentv-seeoml  Beport.     8vo.      1868. 
AtiaUc  Society,  Itvi/ul  — Journal.    "New  SeHi'H.      Vol.  ID.   Purl   I.     8vo.     1808. 
Attronomk.il  tfuririy.  Ro!ril— MonMily  Noli-v.  Vol.  XXVIII.  No.  7.     8vo.     18f 
Bavarian  Academy  <>t  tsvkitn— Sitiuiij;flucrii'lito,    1H07.    II.      Heft  4. 

Holt  1,  2.     Svo. 
fln-nnH    N'ttme-iiifciwhtilVWit    Ctfdhchaft — AWiuiidhingeu,    lliuid    I.      Hull,   3. 

Svo.    1868. 
flrifiin  Arckitactt,  BofoA  Inititute  qf-BMSOnal  Pni>orB.     ito.     18G7-S. 
{iumir.it  S.W./y — Juiiriin]  f..r  M:iy,  .Iimr-,  1808,     8vo. 
Churchill,  Messrs.— Quarterly  Juiini'il  uf  Sdonee  fur  July,  1808.     8vn, 

London  Student.    No.  4.    Svo.     1868. 
DifJctim.  Dr.— Dr.  G.  Nurmi/i  sur  I'Kpiil.'inie  ,1c  )  [indie     i'K  0,"))     8vo.     1868. 
Editor* — American  Journal  of  Seienec  and  Arts,  Nu.  135.    8vu.     1868. 

Artizan  for  June.  IStiS.    4to. 

Athonteum  for  June,  18(18.    4to. 

British  Journal  of  riniin^rfi]iliy  for  June,  1868.    4to. 

Chemicul  Ni-wn  lor  June,  1X68.     ito. 

Engineer  for  June,  1868.     fol. 

Geological  nnd  Natural  iliatory  ltepository,  June.  1868.     8fo. 

Hornlogienl  Journal  lor  Jycr,  1868.     Svo. 

Joamal  of  Gos-I.iprlH  in^r  for  June,  1868.     4to. 

Meelianiea'  Mn.s;i/irii.-  for  Jurn.'.  1808.    Svo. 

Phannnmilittil  J.inrriiil  for  June,  1808. 

Photographic  XVws  for  .Itiue,  1868.     4to. 

Practical  3Ii-i-li:itii<,-i'  -loHriiiil  for  June,  1K08.     4  to. 

Ecvuc  ddn  Coiim  S.i,  n'ilii|u  s  ,  I  Lithimin-s.     June,  1868.     4tO. 
Geological  hittituh:  lut/triiil,   1  '(Vitim— JnlirWh,  Hand  XVIII.  No.  1 

Vbrliaiidlungen :  Jahrgnng,  1868.  No.  1. 
Hope,  Alexander  J.   B.    Bera/unl,    Etq.    M.  P.— Spoecli    on    Metric   Weights  n 

Measures.     fJK  95)    Svo.     1868. 
Ilorliritllurtd  iSofkttj,  HoijiiI  -Pn-e.  (-.lings.  Nu.  I 
Linnean  Society— Journal,  Nos.  If,  46.  47.     8v0. 
Linton,  Rev.  S,  M.A.  'the  Author)  -The  Scriptures  arranged  as  written    i 

Order  of  Time.    2nd  ed.     186G. 
Mni'tjii-itii '  Ai-i'ih'iith  i (ci  Sciences — Memoirte.    Tiimua  3  el  6.  Fuse  1.  4 to.    18( 

Precis  Verbaui,  Sx.     1863.    4to.     1864. 
lnnlryrviilii':  SocoJy  — Journal,  No.  1114.     Wso.      1868. 
'  Socictj/  of  Arte— Journal  for  Juno,  "  *"" 


Sytnont,  G.  J.  (Hit  Author}—  Mi'tfriroln(tic>:i|  M;i«;i?inr-.  .lime,  1868.     Svo. 
I'liitt-d  S<  rrice  In<tit>ili,„i.  liojttd— Journal,  April,  186s.     Appcndi*.     8?0. 
W'trhitinkoft',   .17.     Thiwlore    Oh--    Author) — liu'Wrclfs    »ar    les    Conditions   do    1 

Production  Scieiitifirjiie  el  Ksllie'tiijuir.     Svo.     Isii." -0. 
Zoological  Society  ■•!  l,ond„i,— Trn  inactions,  Vol.  VI.  Pnrt  5.     1868. 
ProeeedingB,  1867.  Part  3.    Svo. 
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Monday,  November  2, 1868. 

Wm.  Pole,  Esq.  MA.  F.RS.  in  the  Chair. 

Mnsgrave  Brisco,  Esq. 
was  elected  a  Member  of  the  Royal  Institution. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Accademia  Pontifida  de  Nuovi  Lincei,  Roma— AM:  Anno  II.    1849.    4to.    1867. 

Anno  XX.    4to.    1866-8. 
Actuaries,  Institute  o/— Journal.    No.  73.    8vo.    1868. 

Agricultural  Society  of  England,  Royal— Journal.   New  Series.   No.  8.  8vo.    1868. 
Antiquaries,  Society  o/— Proceedings.    Vol.  HI.  No.  7.    Vol.  IV.  Nos.  1,  2.    8vo. 
1867-8. 
Archajologia.    VoUXLI.  Part  2.    4to.    1868. 
Asiatic  Society  of  Bengal — Proceedings,  1868.    Nos.  1-5.    8va 

Journal    No.  143.    8vo.    1868. 
Astronomical  Society,  Royal— Month] y  Notices.  Vol.  XXVIII.  Nos.  8, 9.  8vo.  1868. 
Barrett,  W.  F.  Esq.  (the  Autfior) — On  Combination  of  Rectangular  Vibrations. 
(Phil.  Mag.  Sept  1868.) 
On  Musical  and  Sensitive  Flames.    8vo.    1868. 
Bavarian  Academy  of  Science,  Royal — Sitzungsberichte,  1868.    Band  I.  Heft  2,  3. 

Band  II.  Heft  1.    Svo. 
Bigsby,  John  J.  M.D.  F.QJS.  (the  Author) — Thesaurus  Siluricus :  The  Fauna  and 

Flora  of  the  Silurian  Period.    4to.    1868. 
Bombay  Branch  of  the  Royal  Asiatic  Society— Journal.  Vol.  VIII.  No.  24.  8vo.  1868. 
British  Association  for  the  Advancement  of  Science — Report  of  the  37th  Meeting ;  at 

Dundee.    8vo.    1668. 
British  Museum,  Trustees— Catalogue  of  the  Diurnal  Lepidoptern.    8vo.    1868. 

Guide  to  the  Christy  Collection.    12mo.    1868. 
Cation,  Joseph  Peel,  Esq.  (the  Author),  by  his  Executors— Principles  of  ./Esthetic 

Medicine.    8vo.    1867. 
Chambers,  George  F.  Esq.  F.R.AJ3.  M.R.I.  (the  Author)— Handbook  for  Visitors 

to  Eastbourne.    16to.    1868. 
Chemical  Society— Journal  for  July  to  Oct  1868.    8vo. 
Clinical  Society  of  London— Transactions.    Vol.  I.    8vo.    1868. 
Corporation  of  London — Catalogue  of  Sculpture,    Paintings,    and    Engravings. 
Part  II.    8vo.    186a 
Catalogue  of  Library.    8th  Supplement    8vo.    1868. 

Vol.  V.    (No.  49.)  2  h 
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Edilon— American  Journal  of  Science  and  Arts.    Noa.  13G,  137.     8vo.     18G8. 

Artiaui  lor  July  to  CM.  lsi;s.    4to. 

Allii.-nst'iirii  f.r  July  t"»M.  IS'iS.     4foi. 

Britieh  Juiinml  nn'tinto-ropliy  for  Jul v  In  Oil,  1  SOS.     J(o. 

Chemical  News  |V>r  July  to  On.  18U8.    4to. 

Engineer  tor  Juk  to  CM,  1808.     Pol. 

Geological  mid  N.itural  History  Repertory.     Aug.-Oct,  1868.     8vo. 

Horologicnl  .T-mriml  f.-r  July  !■>  CM.  1SH8.     Svo, 

Journal  of  Gas-Lighting  fur  Jul  V  to  Oct.  1S68.     4tn. 

Mechanic*'  Murine  fur  July  to  0"t.  IS68.     8vo. 

Pluirinneoufioal  Journal  for  July  to  Oct.  1868. 

Photographic  News  tor  July  io  CM    1SIJ8.     4ta 

Practical  Mevliiiiiie.t'  J. nit. ml  lor  July  to  Oct.  1868.     4lo. 

Revue  defl  Cours  Scientitiquo*  et  I.ittcmiros.     JiiilM-Oet.  1863. 
EUU,   Ahaamler   J.   Etq.   l-'.itA  M.R.I,  [the  ,4.i£Aur)  —  This  only   English  Pro- 
clamation of  Henry  III.    8to.     1868. 
Fnriulay,  Mrt.~-  Klusri-  llisturi.jim  Jo  M,cl..'l  Faraday.    Par  M.  Dumas.    4to.    1868. 
Franklm  Iiuiitutr. — lournal.     Nos.  510-513.     8yo.     1868. 
<!:I«lt:ll,hi.:al  So-i.ti/.  Rr.pil—  rrnC.-L-Jill!,'.!.     Vol.  XII.  Nos.  2-5.     8vo.     1868. 

Journal.     Vol.  XXX VII.     8vo.     1868. 
Geological  Institute,  Imji^iul,  I'icumt— Julirrnich.   Ban.!  XVI  [I.  No.  2.  Svo.   1868. 
li'e-J-.tl»:ul  ^■fu'lii— tjniirirrly  Journal.     No.  95.     8vo.     1868. 
Qreemmeh,  Royal  nl.^,r.iu„-ii  uhi-.m-ih  th-   Ilvi/al  rtwiit'i,     Cteomvirli  Observation* 

for  1866.    4to.     1868. 
ITtagli,  John,  Esq.  M.R.I. — Report  on  the  Mexican  and  United  Stetes  Boundary 
Surrey.    3  Tola.    4to.    1857-8. 

Iteport  .  mi    Ksii!nMlin:i.-i 1  Survrv«  f.r  n  Hallway  fn.iiii  tho  .Mi.-.-i"ippi  to  ll  ■■ 

Pacific  Ocean.     13  vols.     fol.     1855-60. 

Report  on  (lie  Colorado  Itiyor  from  the  West,     4to.     1861. 
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GENERAL  MONTHLY  MEETING, 

Monday,  December  7,  1868. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

Robert  Donglas  Hale,  M  J). 

Frederick  Gutteres  Henriques,  Esq. 

Edward  Frankland,  Esq.  Ph.  D.  F.R.S.  Corresponding 
Member  of  the  Academy  of  Sciences,  Paris,  and  Professor 
of  Chemistry  at  the  Royal  School  of  Mines. 

George  James  Shaw,  M.D. 

Captain  the  Hon.  William  Le  Poer  Trench,  and 

John  Peter  Wilson,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  following  Lecture  Arrangements  for  1868-9  were  announced  : — 

Professor  Odling,  F.R.S. — Six  Lectures  (adapted  to  a  Juvenile  Auditory), •  On 
the  Chemical  Changes  of  Carbon.'  On  December  29th,  31st,  1868  ; 
January  2nd,  5th,  7th,  9th,  1869. 

Before  Easter. 

Richard  Webtmaoott,  Esq.  R.A.  F.R.8.— Six  Lectures,  'On  Subjects  con- 
nected with  Fine  Art.'  On  Tuesdays,  January  12th  to  February  16th, 
1869. 

Rev.  Frederic  W.  Farrar,  M.A.  F.R.8.— Four  Lectures,  *  On  the  History 
and  Results  of  Comparative  Philology.'  On  Tuesdays,  February  23rd 
to  March  16th 

Professor  T.  Rupert  Jones. — Three  Lectures,  *  On  the  Protozoa,  or  Simplest 
Animal  Forms,  and  their  Distribution  in  Time  and  Space,  and  the 
Results  of  their  Agency  on  the  Earth's  Surface/  On  Thursdays, 
January  14th,  21st,  28th. 
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Dr.  Michael  Foster.— Three  Lecture*.  'On  t lirs  iTnolurilnrv  Movements  of 

Animals."     On  Thursdays,  February  4th,  11th.  lath. 
Dr.  JOHN  Harm-:  v.— Tim  I/'i'tiircs,  'On   Renjiirntinii  ami  its  Influence- oi 

Heart."     On  Thursdays,  Fobrimry  25th  and  March  4th. 
Dr.  HeSbY  Power.— Two  1. 1  ■■■tu  us,  '  On  the  Eye  in  Animal  is  Bud  M»n.'     On 

Thursdays,  March  11th  and  18th, 
Professor  Oihuki;.  V  U.S.— Ten    Lectures,   '  On  Hvdmjren  and  its  Analogues," 

On  Saturdays  January  16th  to  March  20th. 

After  fiultr, 

Professor  Roueiit  Grant,  LL.D.  F.H.S.— Nino  Lectures,  '  On  Stellar  Astro- 
nomy."    On  Tm>dn_YH,  Ajiril  lilh  lu  Juno  1st. 

Professor  Tyndall,  LL.D.  F.R.8.— Nine  Lectures,  '  Oil  Light."  On  Thurs- 
days, April  8th  to  June  3rd. 

Akchinalu  GmpiiL',  I'.si|.  V  K.S.— Time  Lecluri t,  'On  the  Origin  of  Land- 
surfaces.'    On  Saturdays,  April  10th,  17th,  24th. 

Professor  IBra.rv.— Tim  ■■■  futures,  'On  Roman  History."  On  Saturdays, 
May  Bth.  15th,  22ud. 

Emantei.  IHtiscu.  ]■>].  -Throe  Lccinrc?.  ■  On  Semitic  Culturo.'  On  Satur- 
days. May  29th  to  June  12th. 


The  following  Presents  wore  laiil  o 
the  Members  returned  fur  the  same : — 
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Mechanical  Engineer*  Institution,  Birminqham— Proceedings,  Oct  1867.    8m 

Mensbrugghe,  jfc  G.  Vander  (the  Author) — Sur  la  Tension  des  Lames  Liquides 
(K95)    8va    1866-7. 

Photographic  Society— Journal,  No.  199.    8vo.    1868. 

Plateau,  M  J.  Hon.  M.R.I  (the  Author) — Recherches  sor  les  Figures  d'Equilibre 
d'une  Masse  liquide  sans  Pesanteur.  8«  Serie.  (Mem.  de  l'Acud.  de  Belgiqne. 
Tome  XXXVll.)    4 to.    1868. 

Rosetii,  Dr.  F.  (the  Author) — Sul  Maximum  di  Densita  e  salla  Dilatazione  dell* 
AcquR  dell'  Adriatico.    (K  95)    8vo.     1868. 

Royal  Medical  and  Chirurgical  Society — Transactions.    Vol.  LI.    8vo.    1868. 

Smithsonian  Institution,  U.S.— Annual  Report,  1866.    8vo.    1867. 
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WEEKLY  EVENING  MEETING, 

Friday,  January  15,  1869. 

Sib  Henry  Holland,  Bart.  M.D.  D.CX.  F.R.S.  President, 

in  the  Chair. 

Professor  Tyndall,  LL.D.  F.R.S. 
On  Chemical  Bays,  and  the  Light  of  the  Sky. 

The  first  physical  investigation  of  any  importance  in  which,  jointly 
with  my  friend  Professor  Knoblauch,  I  took  part,  bore  the  title,  "  The 
Magneto-optic  Properties  of  Crystals,  and  the  Relation  of  Magnetism 
and  Diamagnctism  to  Molecular  Arrangement."*  This  investigation 
compelled  me  to  reflect  upon  the  structure  of  crystals,  on  their  optical 
properties  in  relation  to  that  structure,  and  more  particularly  on  the 
striking  phenomena  exhibited  by  many  of  them  in  the  field  of  a  suffi- 
ciently powerful  magnet.  These  were  evidently  due  to  the  manner  in 
which  the  molecules  of  the  crystals  were  built  together  by  the  force  of 
crystallization :  and  it  was  natural,  if  not  necessary  for  me,  to  employ 
such  strength  of  imagination  as  I  possessed  in  obtaining  a  mental 
picture  of  this  molecular  architecture.  The  inquiry  gave  a  tinge  and 
bias  to  my  subsequent  scientific  thought,  rendering,  as  it  did,  the  con- 
ceptions and  pursuit  of  molecular  physics  pleasant  to  me.  Its  influence 
is  to  be  traced  in  most  of  my  scientific  work.     The  first  lecture,  for 

•  •  Philosophical  Magazine,'  July,  1850. 
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example,  which  I  over  delivered  in  thia  theatre,  was  "  On  the  Influence 
of  Material  Aggregation  on  the  Manifestations  of  Force  ;"  by  "  material 
aggregation"  being  meant  tlic  way  in  which,  by  nature  or  by  art,  the 
particles  of  matter  are  arranged  together.  In  1S53  I  also  published  a 
paper  "  On  Molecular  Influence*,  in  which  common  heat  was  made 
the  explorer  of  orgnuic  structure.  Iu  the  ■'  Baker  inn  Lecture,"  given 
before  the  Royal  Society  in  1855,  the  same  idea  and  pliruseology  crop 
out.  The  Baker  inn  Lecture  for  1861  hears  the  title  "Contributions 
to  Molecular  Physics."  And  all  through  the  investigations  which 
have  occupied  me  during  the  last  ten  years,  my  wish  and  aim  have 
been  to  make  radiant  heat  an  instrument  by  which  to  lay  hold  of  the 
ultimate  particles  of  matter. 

The  labours  now  to  be  considered  lie  in  the  same  direction.  In 
the  researches  just  referred  to,  I  employed  tubes  of  glass  and  brass, 
called,  for  the  sake  of  distinction,  "  experimental  tubes,"  in  which 
radiant  heat  was  acted  upon  by  the  gases  and  vapours  subjected  to 
examination.  Wishing,  two  or  three  months  ago,  to  render  visible 
what  occurred  within  these  tubes  on  the  entrance  of  the  gases  or 
vapours,  I  found  it  necessary  to  intensely  illuminate  their  interiors. 
The  source  of  illumination  chosen  was  the  electric  light;  the  beam  of 
which,  converged  by  a  suitablo  lens,  was  sent  along  the  axis  of  the 
tube.  The  dirt  and  filth  in  which  we  habitually  live  were  strikingly 
revealed  by  this  method  of  illumination.  For,  wash  our  tube  as  we 
might  with  water,  alcohol,  acid,  or  alkali,  until  its  appearance  in 
ordinary  daylight  was  that  of  absolute  purity,  the  delusive  character 
of  this  appearance  was  in  most  cases  revealed  by  the  electric  beam. 
In  fact,  in  air  so  dirty  as  that  which  supplies  our  lungs— and  I  will 
not  say  that  we  conld  get  on  healthily  without  the  "  dirt  "* — it  is  not 
possible  to  he  more  than  approximately  cleanly. 

Vapours  of  various  kinds  were  sent  into  a  glass  experimental  tube 
a  yard  in  length,  and  about  three  inches  iu  diameter.  As  a  general 
rule,  the  vapours  were  perfectly  transparent  ;  the  tube  when  they  were 
present    appealing    as   empty    as  wlu-ll    they  wi-ro    absent.      In    two  or 

throe  cases,  however,  a  faint  cloudiness  showed  itself  within  the  tube. 
This  caused  mo  a  momentary  anxiety,  for  I  did  not  know  how  fur,  in 
describing  my  previous  experiments,  actions  might  have  been  ascribed 
to  pure  cloudless  vapour  which  were  really  duo  to  those  newly- 
observed  nebula).  Intermittent  discomfort,  however,  is  the  normal 
feeling  of  the  investigator;  for  it  drives  him  to  closer  scrntiny,  to 
greater  accuracy,  and  often,  as  a  consequence,  to  new  discovery.  It 
was  soon  found  that  the  nebula  revealed  by  the  beam  were  also 
generated  by  tho  beam,  and  the  observation  opened  a  new  door  into 
that  region  inaeeessiblo  to  sense,  which  embraces  so  much  of  the 
intellectual  life  of  the  physieal  investigator. 

What  ore  those  vapours  of  which  we  have  been  spoaking  1     They 

if  the  functions  of  which 
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are  aggregates  of  molecules,  or  email  masses  of  matter,  iiml  every  mole- 
cule is  itself  an  Aggregate  of  smaller  parts  called  atoms.  A  molecule 
of  aqueous  vapour,  for  example,  consists  of  two  atoms  of  hydrogen  and 
ouo  of  oxygen.  A  molecule  of  ammonia  consists  of  three  atoms  of 
hydrogen  and  one  of  nitrogen,  and  so  of  other  substances.  Thus  the 
molecules  themselves  inconceivably  small,  are  made  up  of  distinct 
parts  still  smaller.  When,  therefore,  a  compound  vapour  is  spoken  of, 
the  corresponding  mental  image  is  an  aggregate  of  molecules  separated 
from  each  other,  though  still  exceedingly  mar,  each  of  these  boing 
composed  of  a  group  of  atoms  still  nearer  to  each  other.  So  much  for 
tho  matter  which  enters  into  our  conception  of  a  vapour.*  To  this 
must  now  he  added  the  idea  of  motion.  Tho  molecules  have  motions 
of  their  own  as  wholes ;  their  constituent  atoms  havo  also  motions  of 
their  own,  which  arc  executed  independently  of  those  of  the  mole- 
cules ;  just  as  the  various  movements  on  the  earth's  surface  are 
executed  independently  of  the  orbital  revolution  of  our  planet. 

The  vapour  molecules  an;  kept  asunder  by  forces  which,  virtually 
or  actually,  are  forces  of  repulsion.  Between  these  elastic  forces  and 
the  atmospheric  pressure  under  which  the  vapour  exists,  equilibrium 
is  established  as  soon  as  the  proper  distances  between  tho  molecules 
have  been  assumed.  If,  after  this,  the  molecules  be  urged  nearer  to 
each  other  by  a  momentary  force,  they  recoil  as  soon  as  the  force  is 
expended.  If  by  the  exorcise  of  a  similar  force  they  l>e  separated 
more  widely,  when  the  force  ceases  to  act  they  again  approach  each 
other.     Tho  case  is  diffurent  as  regards  the  Wimeitntmt  atoms. 

And  here  let  me  remark  that  wo  ore  now  upon  the  very  outmost 
verge  of  molecular  physics ;  and  that  I  am  attempting  to  familiarize 
your  minds  with  conceptions  which  have  not  yet  obtained  universal 
currency  even  among  chemists;  which  many  chemists,  moreover, 
might  deem  untenable.  But,  tenable  or  untenable,  it  is  of  the  highest 
scientific  importance  to  discuss  them.  Let  us,  then,  look  mentally 
at  our  atoms  grouped  together  to  form  a  molecule.  Every  atom  is 
held  apart  from  its  neighbours  by  a  force  of  repulsion  ;  why,  then,  do 
not  the  mutually  repellent  mem  tiers  of  this  group  part  company? 
Tho  molecules  do  separato  from  each  other  when  the  external  pressure 
is  lessened  or  removed,  but  the  atoms  do  not.  Tho  reason  of  this 
stability  is  that  two  forces,  the  one  attractive  and  the  other  repulsive, 
are  in  operation  between  every  two  atoms  ;  and  the  position  of  every 
atom — its  distance  from  its  fellows— is  determined  by  the  equilibra- 
tion of  these  two  forces.  If  the  atoms  come  too  near,  repulsion  pre- 
dominates and  drives  them  apart  ;  if  too  distant,  attraction  predomi- 
nates and  draws  them  together.  The  point  at  which  attraction  and 
repulsion  are  equal  to  each  other  is  the  atom's  position  of  effttilibriam. 

*  Newlon  sreiucd  to  consider  tliat  tho  dictIcciiIi-.h  iiii^-lit  1^  rm.lered  visible  by 
muroaaipcs :  but  of  Bte  atoms  he  kppaan  to  hers  entertained  a  different  opinion. 
Ho  Huely  remni  ks  :— "  It  aei'ms  impossible  to  sec  ttie  more;  secret  und  noble  work* 
of  nature  williin  llie  ivirjiiiaehe,  lw  rn.noii  "f  their  tr.iii-j'imiii'}'."  (Herscbet, 
*■  On  Light,- Art.  1145.) 
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If  not  absolutely  cold— and  there  in  no  such  thing  as  absolute  cold- 
ness in  our  corner  of  nature— the  atoms  are  always  in  a  state  of 
vibration,  their  vibrations  being  executed  to  and  fro  across  tlieir 
pjsilifim  of  equilibrium. 

Into  a  vapour  than  constituted,  we  have  now  to  pour  a  beam  of 
light.  But  what,  in  the  first  instance,  is  a  beam  of  light?  It  is  a 
train  of  innumerable  waves,  excited  iu,  and  propagated  through,  an 
almost  infinitely  attenuated  and  elastic  medium,  which  fills  all  space, 
and  which  we  namo  the  jEther.  These  waves  of  light  are  not  all  of 
the  same  size  :  sorue  of  them  are  much  longer  and  higher  than  others. 
Now  the  short  waves  and  the  long  ones  move  with  the  same  rapidity 
through  space,  just  as  short  and  long  waves  of  sound  travel  with  the 
same  rapidity  through  air.  Ilenco  tho  shorter  waves  must  follow  each 
other  in  quicker  succession  than  the  longer  ones.  The  different  rapid- 
ities with  which  tho  waves  of  light  impinge  upon  the  retina,  or  optic 
nerve,  give  rise  in  consciousness  to  differences  of  colour.  There  are 
however,  numberless  waves  emitted  by  the  sun  and  other  luminous 
bodies  which  reach  the  retina,  but  which  are  incompetent  to  excite  the 
sensation  of  light.  If  the  lengths  of  the  waves  exceed  a  certain  limit, 
or  if  thoy  fall  short  of  a  certain  other  limit,  they  cannot  generate 
vision.  And  it  is  to  be  particularly  borne  in  mind  that  the  capacity 
to  produce  tight  docs  not  depend  so  much  on  tho  strength  of  the  waves, 
as  on  their  periods  of  recurrence.  I  have  often  permitted  waves  to 
enter  my  own  eye,  of  a  power  which,  if  difierently  distributed,  would 
have  instantly  and  utterly  ruined  the  optic  nerve,  but  which  failed  to 
produce  any  impression  whatever  upon  consciousness,  because  their 
periods  were  tint  those  demanded  by  the  retina. 

The  elements  of  all  tho  conceptions  with  which  we  shall  havo 
subsequently  to  deal  are  now  in  your  pusst-ssion.  And  you  will  observe 
that  though  we  are  speaking  of  things  which  lie  entirely  beyond  the 
range  of  the  senses,  tho  conceptions  are  as  truly  mechanical  as  they 
woidd  he  if  we  were  dealing  with  ordinary  masses  of  matter,  and  with 
waves  of  mmnftllfl  mngnitade,  I  do  not  think  that  any  really  scientific 
mind  at  the  present  day  will  be  disposed  to  draw  a  substantial 
distinction  between  chemical  and  mechanical  phenomena.  They 
differ  from  each  other  as  regards  tin;  uiaiziiiludeof  tho  masses  involved; 
but  in  this  sonse  the  phenomena  of  astronomy  differ,  also,  from  those 
of  ordinary  mechanics.  The  main  bent  of  the  natural  philosophy  of 
a  future  age  will  probably  1*:  to  chasten  into  order,  by  subjecting  it  to 
mechanical  laws,  the  existing  chaos  of  chum  teal  phenomena. 

Whether  wo  see  rightly  or  wrongly —whether  our  intellection  be 
real  or  imaginary— it  is  of  tho  utmost  importance  in  scienco  to  aim  at 
perfect  clearness  in  the  description  of  all  that  comes,  or  seems  to 
come,  within  the  range  of  the  intellect.    For  if  wo  arc  right,  clearness 

Lof  utterance  forwards  the  cause  of  right ;  while  if  we  ore  wrong,  it 
ensures  the  speedy  correction  of  error.     In  this  spirit,  and  with  the 
ietermination  at  all  events  to  speak  plainly,  let  us  deal  with 
ceptions  of  ajther  waves  and  molecules.     Supposing  a  ware,  or  a  train 


the 
rain 
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of  waves,  to  impinge  upon  a  molecule  so  as  to  urge  all  its  parts  with 
the  same  motion,  the  molecule  would  move  bodily  as  a  whole,  but 
because  they  are  animated  by  a  common  motion  there  would  )>e  no  ten- 
dency of  its  constituent  atoms  to  separate  from  each  other.  Diffircnlial 
niiiliimn  among  the  atoms  themselves  would  be  necessary  to  effect  a 
separation,  and  if  such  motions  be  not  introduced  by  the  shock  of  the 
waves,  there  is  no  mechanical  ground  for  the  decomposition  of  the 
molecule. 

It  is,  however,  difficult  to  conceive  the  shock  of  a  wave,  or  a  train 
of  waves,  so  distributed  among  tho  atoms  as  to  cause  no  strain  amongst 
them.  For  atoms  are  of  different  weights,  probabjj  of  different  sizes  ; 
at  ail  events  it  is  almost  certain  that  the  ratio  of  the  mass  of  the 
atom  to  the  surface  it  presents  to  the  action  of  the  waves  is  different 
in  different  cases.  If  this  be  so,  and  I  think  tho  probabilities  are 
immensely  in  favour  of  its  being  so,  then  every  wave  which  passes 
over  a  molecule  tends  to  decompose  it — tends  to  carry  away  from 
their  weightier  and  more  sluggish  companions  those  atoms  which,  in 
relation  to  their  mass,  present  tho  Inrgist  resisting  surfaces  to  the 
motion  of  the  waves.  The  coso  may  be  illustrated  by  reference  to  a  man 
standing  on  the  deck  of  a  ship.  As  long  as  both  of  them  shore  equally 
tho  motions  of  the  wind  or  of  the  sea,  there  is  no  tendency  to  separa- 
tion. In  chemical  language,  they  are  ill  a  state  of  combination.  But 
a  wave  passing  over  it  finds  tho  ship  less  rapid  in  yielding  to  its 
motion  than  the  man ;  the  man  is  consequently  carried  away,  and  wo 
have  what  may  be  regarded  ns  decomposition. 

Thus  the  conception  of  tho  decomposition  of  compound  molecules 
by  the  waves  of  rether  comes  to  us  recommended  by  n  priori  proba- 
bility. But  a  closer  examination  of  the  question  compels  us  to  sup- 
plement, if  not  materially  to  qualify,  this  conception.  It  is  a  most 
remorkablo  fact,  that  the  waves  which  have  thus  far  been  found  most 
effectual  in  shaking  asunder  tho  atoms  of  compound  molecules  are 
those  of  least  mechanical  power.  Bitlinr*,  bo  use  ■  strong  comparison, 
arc  incompetent  to  produce  effects  which  are  readily  produced  by 
ripple*.  It  is,  for  example,  the  violet  and  ultra-violet  rays  of  the  sun 
that  are  most  effectual  in  producing  tliesii  chemical  decompositions; 
and,  compared  with  the  red  and  ultra-red  solar  rays,  tho  energy  of 
these  "chemical  rays"  is  infinitesimal.  This  energy  would  probably 
in  some  cases  have  to  be  multiplied  by  millions  to  bring  it  up  to  that 
of  the  ultra-red  rays ;  and  still  the  latter  are  powerless  whoro  the 
smaller  waves  are  potent.  We  hero  observe  a  remarkable  similarity 
between  the  behaviour  of  chemical  molecules  and  that  of  the  human 
retina.  Tho  energy  transmitted  to  the  eye  from  a  candle-flame  half- 
n mile  distant  is  more  than  sufficient  to  inform  consciousness ;  while 
waves  of  a  different  period,  possessing  twenty  thousand  million  times 

Lthis  energy,  have  been  suffered  to  impinge  upon  my  own  retina,  with 
in    absolute    unconsciousness    of   any    effect     whatever — mechanical, 
lilivsinlogical,  chemical,  or  thermal. 
Whence,  then,  the  power  of  these  smaller  waves  to  unlock  the 
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bonds  of  chetnical  union?  If  it  be  not  a  result  of  thoir  strength,  it 
must  be,  us  in  the  cuso  of  visio»,  a  result  of  thoir  periods  of  recurrence. 
But  how  are  we  to  figure  this  action  V  I  should  say  thus  :  the  shock 
of  a  single  wave  produces  no  more  than  an  infinitesimal  effect  upon 
an  atom  or  a  molecule.  To  produce  a  larger  effect,  the  motion  must 
accumulate,  and  fur  wave-impulses  to  accumulate,  they  must-arrive  in 
periods  identical  with  the  periods  of  vibration  of  the  atoms  on  which 
they  impinge.  In  this  case  each  suoci'ssive  wave  funis  the  atom  in  a 
position  which  enables  that  wave  to  add  its  shock  to  the  sum  of  the 
shocks  of  its  predecessors.  The  effect  is  mechanically  the  same  as 
that  due  to  the  timed  impulses  of  a  boy  upon  a  swing.  The  single 
tick  of  a  clock  has  no  appreciable  effect  upon  the  un vibrating  and 
equally  long  pendulum  of  a  distant  clock  ;  but  a  succession  of  ticks, 
each  of  which  adds,  at  the  proper  moment,  its  infinitesimal  push  to 
the  sum  of  the  pushes  preceding  it,  will,  as  a  matter  of  fact,  set  the 
second  clock  going.  So  likowiso  a  single  puff  of  air  against  tho  prong 
of  a  heavy  tuning-fork  produces  no  sensible  motion,  and,  consequently, 
no  audible  sound  ;  but  a  succession  of  puffs,  which  follow  each  other 
in  periods  identical  with  tho  tuning-fork's  period  of  vibration,  will 
render  the  fork  sonorous.  I  think  the  chemical  action  of  light  is  to 
be  regarded  in  this  way.  Fact  ami  reason  point  to  the  conclusion  that 
it  is  tho  heaping  up  of  motion  on  the  atoms,  in  consequence  of  their 
synchronism  with  the  shorter  waves,  that  causes  them  to  part  company. 
This  I  take  to  he  the  mechanical  cause  of  these  decompositions  which 
arc  effected  by  the  waves  of  icther. 

And  now  let  us  return  to  that  faint  cloudiness,  already  mentioned, 
from  which,  as  from  a  germ,  these  considerations  and  speculations 
have  Sprung.  It  has  been  lung  known  that  light  effected  the  decom- 
position of  a  certain  number  of  bodies.  The  transparent  iodide  of 
ethyl,  or  of  methyl,  for  example,  becomes  brown  and  opaque  on 
exposure  to  light,  through  the  dischargo  of  its  iodine.  Tho  art  of 
photography  is  founded  on  the  chemical  actions  of  light ;  so  that  it  is 
well  known  that  the  effects  for  which  tho  foregoing  theoretic  con- 
siderations would  have  prepared  us,  arc  Hot  only  probable,  but  actual. 

But  the  method  employed  in  the  experiments  in  which  the 
cloudiness  above  referred  to  was  observed,  and  which  consists  simply 
in  offering  the  vapours  of  volatile  substances  to  the  action  of  light, 
enables  us  not  only  to  give  such  experiments  a  beautiful  form,  but 
also  to  give  a  vast  extension  to  tho  operations  of  light,  or  rather  of 
radiant  force,  as  a  chemical  agent.  It  also  enables  us  to  illustrate  in 
our  laboratories  actions  which  have  been  hitherto  performed  only  in 
the  laboratory  of  nature.  A  few  of  these  actions  of  a  representative 
character  I  have  now  to  bring  before  you ;  and,  in  doing  so,  I  will 
take  advantage  of  the  fact  that,  in  a  great  number  of  coses,  one  or 
more  of  the  substances  into  which  the  waves  of  light  break  up 
compound  molecules  aro  comparatively  inevlatile.  These  products  of 
decomposition  require  a  greater  heat  than  is  required  by  the  vapours 
from  which  they  are  derived  to  keep  them  in  the  gaseous  form 
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hence,  if  tho  space  in  which  these  new  bodies  are  liberated  be  of  tho 
proper  temperature,  they  will  not  remain  in  the  vaporous  condition, 
but  will  precipitate  themselves  us  liquid  particles,  thus  forming 
visible  clouds  upon  the  beam  to  the  action  of  which  they  owe  their 
existence. 

We  will  now  commence  our  illustrative  experiments.  I  hold  in 
my  hand  a  little  flask,  F,  which  is  stopped  by  a  cork,  pierced  in  two 
places.  Through  one  orifice  passes  a  narrow  glass  tube,  a,  which  ter- 
minates immediately  under  the  cork ;  through  the  other  orifice  passes 
a.  similar  tube,  b,  descending  to  the  bottom  of  the  little  flask,  which' is 
filled  to  a  height  of  about  an  inch  with  a  transparent  liquid.  The 
name  of  this  liquid  is  nitride  of  ami/!,  in  every  molecule  of  which  we 
have  5  atoms  of  carbon,  11  of  hydrogen,  1  of  nitrogen,  and  2  of 
oxygen.  Upon  this  group  the  waves  of  our  electric  light  will  be 
immediately  let  loose.  The  large  horizontal  tube  that  you  see  before 
you  is  what  I  have  called  an  "  experimental  tube  j"  it  is  connected 
with  our  small  flask,  a  stop-cock,  however,  intervening  between 
them,  by  means  of  which  the    passage  between  the  flask  and  the 

experimental  tube  can  bo  opened  or  closed  

at  pleasure.  The  other  tube,  passing  a  '■  ' 
through  the  cork  of  the  flask  and  descend- 
ing  into  the  liquid,  is  connected  with  a 
U-shaped  vessel,  filled  with  fragments  of 
clean  glass,  covered  with  sulphuric  acid. 
In  front  of  the  U-shaped  vessel  is  a  narrow 
tubo  stuffed  with  cotton-wool.  At  one  end 
of  the  experimental  tube  is  our  electric 
lamp ;  and  here,  finally,  is  an  air-pump,  by 
by  means  of  which  the  tube  has  been  ex- 
hausted.    We  are  now  ready  for  experi- 

Opening  the  cock  cautiously,  the  air 
of  the  room  passes,  in  the  first  place, 
"through  the  cotton-wool,  which  holds  bock 
the  numberless  organic  germs  and  inor- 
ganic dust-particles  floating  in  the  atmo- 
sphere. The  air,  thus  cleansed,  passes  into 
the  U-shaped  vessel,  where  it  is  dried  by 
the  sulphuric  acid.  It  then  descends 
through  the  narrow  tube  to  the  bottom  of 
the  little  flask,  and  escapes  there  through 
a  small  orifice  into  the  liquid.  Through 
this  it  bubbles,  loading  itself  to  some  ox- 
tent  with  the  nitrite  of  amy)  vapour,  and 
then  the  air  and  vapour  enter  the  experi- 
mental tube  together. 

The  closest  scrutiny  would  now  fail  to  discover  anything  within 
this  tube;  it  is,  to  all  appearance,  absolutely  empty.    The  air  and  the 


he  flask  and  the 
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vapour  are  both  invisible.  Wo  will  permit  the  electric  beam  to  play 
upon  tills  vapour.  The  lens  of  tho  lamp  is  bo  situated  as  to  render 
the  beam  slightly  oo&Tergent,  the  focus  being  formed  in  the  vapour 
at  about  the  middle  of  the  tube.  You  will  notice  that  tho  tube 
remains^dark  for  a  moment  after  the  turning  on  of  the  beam  ;  but  the 
chemical  action  will  be  so  rapid  that  attention  is  requisite  to  mark 
this  interval  of  darkness.  I  ignite  the  lamp  ;  the  tube  for  a  moment 
seems  empty  ;  but  suddenly  the  beam  darts  through  a  luminous  white 
cloud,  which  lias  ImiiislitH.I  the  preceding  darkness.  It  has,  in  fact, 
shaken  asunder  the  molecules  of  the  nitrite  of  amyl,  and  brought 
down  upon  itself  a  shower  of  liquid  particles  which  cause  it  to  flash 
forth  in  your  presence  like  a  solid  luminous  spear.  It  is  worth 
while  to  mark  how  this  experiment  illustrates  the  fact,  that  however 
intense  a  luminous  beam  may  be,  it  remains  invisible  unless  it  has 
something  to  shino  upon.  Space,  though  traversed  by  the  rays  from 
all  suns  and  all  stars,  iH  itself  unseen.  Not  even  the  lether  which  fills 
space,  and  whose  motions  are  the  light  of  tho  universo,  is  itself 
visible. 

You  notice  that  the  end  of  tho  experimental  tube  most  distant  from 
the  lamp  is  free  from  cloud.  Now  the  nitrite  of  amyl  vapour  is  there 
also,  but  it  is  unaffected  by  the  powerful  beam  passing  through  it. 
Let  us  make  tho  transmitted  beam  more  concentrated  by  receiving  it 
on  a  concave  silver  mirror,  and  causing  it  to  return  by  reflection  into  the 
tube.  It  is  still  powerless.  Though  a  cone  of  light  of  extraordinary 
intensity  now  traverses  tho  vapour,  no  precipitation  occurs,  no  trace 
of  cloud  is  formed.  "Why  ?  Because  the  very  small  portion  of  the 
beam  competent  to  decompose  the  vapour  is  quite  exhausted  by  its 
work  in  the  frontal  portions  of  the  tube.  The  great  body  of  tho  light 
which  remains,  after  this  Biftiug  out  of  the  few  effectual  rays,  has  no 
power  over  the  molecules  of  nitrite  of  amyl.  Wo  have  here,  strikingly 
illustrated,  what  has  been  already  stated  regarding  the  influence  of 
period,  as  contrasted  with  that  of  tlTength.  For  tho  portion  of  tho 
beam  which  is  here  ineiTi  rtind  )ms  probubly  mure  than  a  million  times 
tho  absolute  energy  of  tho  effectual  portion.  It  is  energy  specially 
related  to  the  atoms  that  we  here  need,  which  s|«viiilly  related  energy 
being  possessed  by  the  feeble  waves,  invests  them  with  their  extraor- 
dinary power.  When  the  experimental  tube  is  reversed  so  be  to  bring 
the  undecomposed  vapours  under  the  action  of  the  unsifted  beam,  you 
have  instantly  thin  line  luminous  cloud  precipitated. 

The  light  of  the  sun  also  effects  the  decomposition  of  tho  nitrite 
of  amyl  vapour.  A  small  room  in  the  Royal  Institution,  into  which 
tho  sun  shone,  was  pnrtially  darkened,  the  light  being  permitted  to 
enter  through  an  open  portion  of  the  window- shutter.  In  tho  track  of 
the  beam  was  placed  u  large  plano-convex  lens,  which  formed  a  fine 
convergent  cone  in  the  dust  of  the  room  behind  it.     The  experimental 


tube  was  filled  in  the  laboratory,  covered  with  a  black  cloth,  and  carried 
into  the  partially  darkened  room.  On  thrusting  one  end  of  the  tube 
into  tle_-  cone  of  rays  behind  the  lens,  precipitation  within  the  cone 
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was  copious  and  immediate.  Tho  vapour  at  the  distant  end  of  the 
tube  was  shielded  by  that  in  front;  but  on  reversing  the  tube,  a  second 
and  similar  splendid  cone  was  precipitated. 

Now  let  us  pause  for  a  moment  and  glance  at  the  ground  over 
whieh  wo  have  passed.  We  havo  defraud  a  vapour  as  an  aggregate 
of  molecules  mutually  repellent,  but  hindered  from  indefinitely  re- 
treating from  each  other  by  an  external  pressure.  Wo  have  defined 
a  molecule  as  an  aggregate  of  atoms  maintained  in  positions  of  equi- 
librium by  the  equalized  action  of  two  opposing  forces,  and  always 
osci  11  i tuting  to  and  fro  across  those  positions.  We  have  defined  a 
beam  of  light  as  a  train  of  innumerable  waves,  and  have  illustrated 
their  chemical  action.  We  have  learned  that  it  is  not  the  magnitude 
or  power  of  the  waves,  bo  much  as  their  periods  of  recurrence,  that 
renders  them  effectual  as  chemical  ageute.  We  have  also  seen  how 
the  luminous  beam  is  sifted  by  the  vapour  which  it  decomposes,  and 
deprived  of  those  rays  which  are  competent  to  effect  the  decomposition. 
The  effects,  moreover,  obtained  with  the  electric  beam  are  also  produced 
by  the  beams  of  the  sun. 

And  here  I  would  ask  you  to  make  familiar  to  yonr  minds  the  idea 
that  no  chemical  action  can  bo  produced  by  a  ray  that  docs  not  involve 
the  destruction  of  the  ray.  But  the  term  "  ray  "  is  unsatisfactory  to 
us  at  present,  when  our  desire  is  to  abolish  all  vagueness,  and  to  affix 
a  definite  physical  significance  to  each  of  our  terms.  Abandoning  the 
term  ray  as  loose  and  indefinite,  we  havo  to  fii  our  thoughts  upon 
the  trans  of  light ;  and  to  render  clear  to  our  minds  that  those  waves 
which  produce  chemical  action  do  so  by  delivering  up  their  own 
motion  to  the  molecules  whieh  they  decompose.  We  have  here  fore- 
stalled to  some  extent  a  question  of  great  importance  in  molecular 
physics,  which,  however,  is  worthy  of  Iwinj*  Used  more  definitely  in 
your  mind ;  it  is  this  :  When  the  waves  of  fcthor  are  intercepted  by 
a  compound  vapour,  is  tho  motion  of  the  waves  transferred  to  the 
molecules  of  tho  vapour,  or  to  the  atoms  of  the  molecules  't  We  have 
thus  far  leaned  to  the  conclusion  that  tho  motion  is  communicated  to 
tho  atoms  ;  for  if  not  to  these  individually,  why  should  they  be  shaken 
asunder?  The  question,  however,  is  capable  of,  and  is  worthy  of, 
another  test,  the  bearing  and  significance  of  which  you  will  immedi- 
ately appreciate. 

As  already  explained,  the  molecules  are  hold  in  their  positions  of 
equilibrium  by  their  mutual  repulsion  on  the  ono  side,  and  by  an  ex- 
ternal pressure  on  the  other.  Their  rate  of  vibration,  if  they  vibrato 
at  all,  must  depend  upon  tho  elastic  force  which  they  mutually  exert, 
If  this  force  be  changed,  the  rate  of  vibration  must  change  along  with 
it ;  and  after  the  change  tho  molecules  could  no  longer  absorb  the 
waves  whieh  they  absorl)od  prior  to  the  change.  Now  the  elastic  force 
between  molecule  and  molecule  if  utlcilv  altered  when  a  vapour  passes 
to  tho  liquid  state.  Hence,  if  tho  liquid  absorlis  waves  of  the  same 
period  as  its  vapour,  it  is  a  proof  that  tho  ab«>q)tion  is  not  effected  by 
the  molecules.      Lot  us  be  perfectly  clear  on  this  important  ; 
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Those  waves  are  absorbed  whose  vibrations  syncluomM  with  tho60  of 
the  molecules  or  atoms  on  which  they  impinge;  a  principle  which  is 
sometimes  expressed  by  saying  that  bodies  radiate  and  absorb  the  some 
rays.  This  great  law.  as  you  know,  is  the  foundation  of  spectrum- 
analysis;  it  enabled  Kiivblmrt'  in  explain  the  lines  of  Frauenhofer,  and 
to  determine  the  chemical  composition  of  the  atmosphere  of  the  sun. 
If  then,  after  such  a  change  as  that  involved  in  the  passage  of  a  vapour 
to  the  liquid  state,  the  same  waves  are  absorbed  as  were  absorbed 
prior  to  the  passage,  it  is  a  proof  that  the  molecules,  which  must  havo 
utterly  changed  their  periods,  cannot  bo  the  scat  of  the  absorption; 
and  we  are  driven  to  conclude  that  it  is  to  the  atrmm,  whose  rates  of 
vibration  are  unchanged  by  tho  change  of  aggregation,  that  tho  wave- 
motion  is  transferred.  If  experiment  should  prove  this  identity  of 
action  on  the  port  of  a  vapour  and  its  liquid,  it  would  establish  in  a 
new  and  striking  manner  the  conclusion  to  which  we  havo  previously 
leaned. 

We  will  now  resort  to  the  experimental  tost.  In  front  of  this  ei- 
pcrimcntal  tubo,  which  contains  a  quantity  of  the  nitrite  of  aruyl 
vapour,  is  placed  a  glass  cell  a  quarter  of  an  inch  in  thickness,  filled 
with  the  liquid  nitrite  of  amyl.  I  send  the  electric  beam  first  through 
the  liquid  and  then  through  its  vapour.  The  luminous  power  of  this 
beam  is  very  great  but  it  can  make  no  impression  upon  the  vapour. 
Tho  liquid  has  robbed  it  completely  of  its  effective  waves.  I  remove 
the  liquid  ;  chemical  action  iuini'diately  commences,  and  in  a  moment 
we  have  the  apparently  empty  tube  filled  with  this  bright  cloud,  preci- 
pitated by  one  portion  of  the  beam,  and  illuminated  by  another.  I 
re-introduce  the  liquid  :  the  chemical  action  instantly  ceases.  I  again 
remove  the  liquid,  and  the  action  commence  is  once  moro.  Thus  we 
uncover  in  part  the  secrets  of  this  world  of  molecules  and  atoms. 

Instead  of  employing  air  as  the  vehicle  by  which  tho  vapour  is 
carried  into  the  experimental  tube,  we  may  employ  oxygen,  hydrogen, 
or  nitrogen.  With  hydrogen  curious  effects  are  otaervml,  due  to  the 
sinking  of  the  clouds  tbroogh  the  extremely  light  gas  in  which  they 
float.  They  illustrate,  without  proving,  tho  argument  of  those  who 
say  that  the  clouds  of  our  own  ati  no  sphere  could  not  float  if  the  cloud 
particles  were  not  little  bladders,  instead  of  full  spheres,  Before  you 
is  a  tube  filled  with  the  nitrite  of  amyl  vapour,  which  baa  been  carried 
into  the  tubo  by  hydrogen  gas.  On  sending  the  beam  through  the 
tubo  a  delicate  bluish-white  cloud  is  precipitated.  A  few  strokes  of 
the  pump  clear  the  tubo  of  this  cloud,  but  leave  a  residue  of  vapour 
boliind.  Again  turning  in  the  beam  we  have  a  second  cloud,  more 
delicate  than  tho  first,  precipitated.  This  may  be  done  half-a-doaen 
times  in  succession.  A  residue  of  vapour  will  still  linger  in  the  tube 
sufficient  to  yield  a  cloud  of  exquisite  delicacy,  both  as  regards  colour 
and  texture. 

Besides  the  nitrite  of  amyl  a  great  number  of  other  substances 
ight  bo  employed,  which,  like  the  nitrite,  have  been  hitherto 
known  to  be  chemically  susceptible  to  light.     But  I  confine  myself 
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present  to  this  representative  case.  One  point,  however,  in  addition  I 
wish  to  illustrate,  chiefly  because  the  effect  is  the  same  in  kind  as  one 
of  great  importance  in  nature.  In  our  atmosphere  you  know  floats 
carbonic  acid  gas,  which  furnishes  food  to  the  vegetable  world.  But 
this  food  could  not  be  consumed  by  plants  and  vegetables  without  the 
intervention  of  the  sun's  rays.  And  yet,  as  far  as  we  know,  these  rays 
are  powerless  upon  the  free  carbonic  acid  of  our  atmosphere.  The 
sun  can  only  decompose  the  gas  when  it  is  drunk  in  by  the  leaves  of 
plants.  In  the  leaves  it  is  in  close  proximity  with  substances  ready 
to  take  advantage  of  the  loosening  of  the  molecules  of  the  carbonic 
acid  by  the  waves  of  light.  Incipient  disunion  being  introduced  by 
the  solar  rays,  the  carbon  of  the  gas  is  seized  upon  by  the  leaf  and 
appropriated,  while  the  oxygen  is  discharged  into  the  atmosphere. 

The  experimental  tube  now  before  you  contains  a  quantity  of  a 
different  vapour  from  that  which  we  have  hitherto  employed.  The 
liquid  from  which  this  vapour  is  derived  is  called  the  nitrite  of  butyl. 
On  sending  the  electric  beam  through  the  vapour,  which  has  been 
carried  in  by  air,  the  chemical  action  is  scarcely  sensible.  I  add  to 
the  vapour  a  quantity  of  air  which  has  been  permitted  to  bubble 
through  hydrochloric  acid.  When  the  beam  is  now  turned  on,  so 
rapid  is  the  action  and  so  dense  the  clouds  precipitated,  that  you  could 
hardly  by  an  effort  of  attention  observe  the  dark  interval  which  pre- 
ceded the  precipitation  of  the  cloud.  This  enormous  augmentation 
of  the  action  is  due  to  the  presence  of  the  hydrochloric  acid.  Like  the 
chlorophyl  in  the  leaves  of  plants,  it  takes  advantage  of  the  loosening 
of  the  molecules  of  nitrite  of  butyl  by  the  waves  of  the  electric  light 

In  these  experiments  we  have  employed  a  luminous  beam  for  two 
different  purposes.  A  small  portion  of  it  has  been  devoted  to  the 
decomposition  of  our  vapours,  while  the  great  body  of  the  light  has 
served  to  render  luminous  the  clouds  resulting  from  the  decomposition. 
It  is  possible  to  impart  to  these  clouds  any  required  degree  of  tenuity, 
for  it  is  in  our  power  to  limit  at  pleasure  the  amount  of  vapour  in  our 
experimental  tube.  When  the  quantity  is  duly  limited,  the  precipitated 
particles  are  at  first  inconceivably  small,  defying  the  highest  micro- 
scopic power  to  bring  them  within  the  range  of  vision.  Probably  their 
diameters  might  then  be  expressed  in  millionths  of  an  inch.  They  grow 
gradually,  and  as  they  augment  in  size,  throw  from  them,  by  reflexion, 
a  continually  increasing  quantity  of  wave-motion,  until,  finally,  the 
oloud  which  they  form  becomes  so  luminous  as  to  fill  this  theatre  with 
light.  During  the  growth  of  the  particles  the  most  splendid  irides- 
oences  are  often  exhibited.  Such  I  have  sometimes  seen  with  delight 
and  wonder  in  the  atmosphere  of  the  Alps,  but  never  anything  so 
gorgeous  as  those  which  our  laboratory  experiments  reveal.  It  is  not, 
however,  with  the  iridescences,  however  beautiful  they  may  be,  that 
we  have  now  to  occupy  our  thoughts,  but  with  other  effects  which  bear 
upon  the  two  great  standing  enigmas  of  meteorology — the  colour  of 
the  sky  and  the  polarization  of  its  light 
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And  here  lot  nic  briefly  Bay  that,  were  it  not  fur  the  stimulus  ini 
parted  to  mo  by  the  private  correspondence  of  a  celebrated  man,  I 
should  not  have  entered  upon  the  investigation  of  theso  subject*  so 
soon.  In  referonco  to  the  effects  of  light  which  you  havo  jnst  wit- 
nessed, Sir  John  Herscbel  wrote  to  mo  thus : — "  It  is  a  class  of 
relations  eminently  calculated  to  Bet  one  thinking,  and  it  seems  to 
have  had  that  effect  upon  you  to  excellent  purpose.  I  am  glad  it 
has  brought  you  into  contact  with  tho  blue  colour  of  the  sky ;  still 
more  so  if  it  should  lend  you  to  any  satisfactory  explanation  of  the 
polarization  of  sky-light."  Tho  letter  went  on  to  treat  of  "  this 
mysterious  and  beautiful  phenomenon  "  in  a  manner  which  excited 
in  mo  the  strung  desire  to  throw,  if  possible,  some  certain  light  upon 
a  question  regarding  which  the  must  divergent  opinions  and  specu- 
lations were  afloat  among  our  most  eminent  scientific  men. 

First,  then,  with  regard  to  tho  colour  of  the  sky  ;  how  is  it  pro- 
duced, and  can  we  not  reproduce  it?  This  colour  has  not  the  same 
origin  as  that  of  ordinary  colouring  matter,  in  which  certain  portions 
of  the  white  solar  light  are  extinguished,  the  colour  of  tho  substances 
being  that  of  tho  portion  which  remains.  A  violet  is  blue  because  its 
molecular  texture  enables  it  to  quench  tho  green,  yellow,  and  red  con- 
stituents of  white  light,  and  to  allow  tho  blue  froo  transmission.  A 
geranium  is  red  because  its  molecular  texture  is  such  us  quenches  all 
rays  except  the  red.  Such  colours  are  called  ardours  of  absorption  ; 
but  the  hue  of  tho  sky  is  not  of  this  character.  The  blue  light  of  the 
sky  is  all  reflected  light,  and  were  there  nothing  in  our  atmosphere 
competent  to  reflect  tho  solar  rays  we  should  sco  no  blue  firmament, 
but  should  look  into  tins  darkness  of  infinite  space.  The  reflection  of 
the  blllo  is  effected  by  perfectly  colourless  particles.  Sinallnesa  of 
aiae  alone  is  requisite  to  ensure  the  selection  and  reflexion  of  this 
colour.  Of  all  the  visual  waves  emitted  by  the  sun,  tho  shortest  and 
smallest  are  those  which  correspond  to  the  colour  blue.  On  such 
waves  small  particles  have  more  power  than  upon  largo  ones,  hence 
the  predominance  of  blue  colour  in  all  1  ight  reflected  from  exceedingly 
small  particles.  The  crimson  glow  of  tho  Alps  in  the  evening  and  in 
the  morning  is  due,  on  the  other  hand,  to  trt>i>i>utiltrt}  light;  that  is  to 
say,  to  light  which  in  its  passage  through  great  atmospheric  distances 
has  its  blue  constituents  sifted  out  of  it  by  repeated  reflexion. 

It  is  possible,  as  stated,  by  duly  regulating  the  quantity  of 
vapour,  to  make  our  precipitated  particles  grow  from  an  infinitesimal 
and  altogether  ultra-microscopic  size  to  masses  of  sensible  magnitude  ; 
and  by  means  of  these  particles,  in  a  certain  stage  uf  their  growth, 
we  con  produce  a  blue  which  shall  rival,  if  it  does  not  transcend,  that 
of  the  deepest  and  purest  Italian  sky.  Let  this  point  bo  in  the  first 
place  established.  Associated  with  our  experimental  tube  is  a 
barometer,  the  mercurial  column  of  which  now  indicates  that  the  tube 
is  exhausted.  Into  the  tube  I  introduce  a  qnantity  of  the  mixed  air 
and  nitrite  of  butyl  vapour  sufficient  to  depress  tho  mercurial  column 
ic-twentieth  of  on  inch ;  that  is  to  say,  the  air  and  vapour  together 
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exert  a  pressure  of  one  six-hundredth  of  on  atmosphere.  I  now  add 
a  quantity  of  air  and  hydrochloric  acid  sufficient  to  depress  the 
mercury  half-an-inch  further,  and  into  this  compound  and  highly 
attenuated  atmosphere  1  discharge  the  beam  of  the  electric  light. 
The  effect  is  slow ;  but  gradually  within  tho  tube  arises  this  splendid 
azure,  which  strengthens  for  a  time,  reaches  a  maximum  of  depth  and 
purity,  and  then,  as  the  particles  grow  larger,  passes  into  whitish 
blue.  This  experiment  is  representative,  and  it  illustrates  a  general 
principle.  Various  other  colourless  substances  of  the  most  diverse 
properties,  optical  and  chemical,  might  be  employed  for  this  experiment. 
The  incipient  cloud  in  every  case  would  exhibit  this  superb  blue ;  thus 
proving  to  demonstration  that  particles  of  infinitesimal  size,  without 
any  colour  of  their  own,  and  irrespective  of  those  optical  properties 
exhibited  by  the  substance  in  a  massive  state,  are  competent  to  produce 
the  colour  of  the  sky. 

But  there  is  another  subject  connected  with  our  firmament,  of  a 
more  subtle  and  recondite  character  than  even  its  colour.  1  mean 
that  "mysterious  and  beautiful  phenomenon,"*  the  polarization  of 
the  light  of  tho  sky.  The  polarity  of  a  magnet  consists  in  its  two- 
ended  ness,  both  ends,  or  poles,  acting  in  opposite  ways.  Polar  forces, 
as  most  of  you  know,  are  those  in  which  tho  duality  of  attraction  and 
repulsion  is  manifested.  And  a  kind  of  twosidedness — noticed  by 
Huygens,  commented  on  by  Newton,  and  discovered  by  a  French 
philosopher,  named  Malus,  in  a  beam  of  light  which  had  been  reflected 
from  one  of  the  windows  of  the  Luxembourg  Palace  in  Paris — receives 
the  name  of  polarization.  Wo  must  now,  however,  attach  a  distinctness 
to  the  idea  of  a  polarized  beam,  which  its  discoverers  were  not  able  to 
attach  to  it.  For  in  their  day  men's  thoughts  were  not  sufficiently 
ripe,  nor  optical  theory  sufficiently  advanced,  to  seize  upon  or  express 
the  physical  meaning  of  polarization.  When  a  gun  is  fired,  the  ex- 
plosion is  propagated  as  a  wavo  through  the  air,  The  shells  of  air, 
if  I  may  use  the  term,  surrounding  the  centre  of  concussion,  are 
successively  thrown  into  motion,  each  shell  yielding  up  its  motion 
to  that  in  advance  of  it,  and  returning  to  its  position  of  equilibrium. 
Thus,  while  the  tcave  travels  through  long  distances,  each  individual 
particle  of  air  concerned  in  its  transmission  performs  merely  a  small 
excursion  to  and  fro.f  In  the  case  of  sound,  the  vibration  of  the  air- 
particles  are  executed  in  the  direction  in  which  tho  sound  travels. 
They  are  therefore  called  lowjitudinal  vibrations.  In  the  case  of  light, 
on  the  contrary,  tho  vibrations  are  trans rental ;  that  is  to  say,  tho 
individual  particles  of  aether  move  to  and  fro  across  the  direction  in 
which  the  light  is  propagated.  In  this  respect  waves  of  light  resemble 
ordinary  water-waves,  more  than  waves  of  sound.  In  the  case  of  an 
ordinary  beum  of  light,  the  vibrations  of  the  rcther  particles  are 
executed  in  every  direction  perpendicular  to   it;    but  let   the   beam 
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impinge  obliquely,  npon  a  plane  glass  surface,  as  in  the  case  of  Mains, 
the  portion  reflected  will  no  longer  have  its  particles  vibrating  in  all 
directions  round  it.  By  the  act  of  reflexion,  if  it  occur- at  the  proper 
angle,  the  vibrations  are  all  confined  to  a  single  plane,  and  light  thus 
circumstanced  is  called  plane  polarized  light. 

A  beam  of  light  passing  through  ordinary  glass  executes  its  vibra- 
tions within  the  substance  exactly  as  it  would  do  in  air,  or  in  aether- 
filled  space.  Not  so  when  it  passes  through  many  transparent  crystals. 
For  these  have  also  their  two-sidedness,  the  arrangement  of  their 
particles  being  such  as  to  tolerate  vibrations  only  in  certain  definite 
directions.  There  is  the  well-known  crystal  tourmaline,  which  shows 
a  marked  hostility  to  all  vibrations  executed  at  right  angles  to  the  axis 
of  the  crystal.  It  speedily  extinguishes  such  vibrations,  while  those 
executed  parallel  to  the  axis  are  freely  propagated.  The  consequence  is, 
that  a  beam  of  light,  after  it  has  passed  through  any  thickness  of  this 
crystal,  emerges  from  it  polarized.  So  also  as  regards  the  beautiful 
crystal  known  as  Iceland  spar,  or  as  double  doubly  refracting  spar. 
In  one  direction,  but  in  one  only,  it  shows  the  neutrality  of  glass ; 
in  all  other  directions  it  splits  the  beam  of  light  passing  through  it 
into  two  distinct  halves,  both  of  which  are  perfectly  polarized,  their 
vibrations  being  executed  in  two  planes,  at  right  angles  to  each  other. 

It  is  possible  by  a  suitable  contrivance  to  get  rid  of  one  of  the 
two  polarized  beams  into  which  Iceland  spar  divides  an  ordinary 
beam  of  light.  This  was  done  so  ingeniously  and  effectively  by  a 
man  named  Nicol,  that  the  Iceland  spar,  cut  in  his  fashion,  is  now 
universally  known  as  Nicol's  prism.  Such  a  prism  can  polarize  a 
beam  of  light ;  and  if  the  beam,  before  it  impinges  on  the  prism,  be 
already  polarized,  in  one  position  of  the  prism  it  is  stopped,  while  in 
another  position  it  is  transmitted.  Our  way  is  now,  to  some  extent, 
cleared  towards  an  examination  of  the  light  of  the  sky.  Looking  at 
various  points  of  the  blue  firmament  through  a  Nicol's  prism,  and 
turning  the  prism  round  its  axis,  wo  soon  notice  variations  of  the 
brightness  of  the  sky.  In  certain  positions  of  the  spar,  and  from 
certain  points  of  the  firmament,  the  light  appears  to  be  wholly  trans- 
mitted ;  while,  looking  at  the  same  points,  it  is  only  necessary  to  turn 
the  prism  round  its  axis  through  an  angle  of  ninety  degrees  to 
materially  diminish  the  intensity  of  the  light.  On  close  scrutiny  it 
is  found  that  the  difference  produced  by  the  rotation  of  the  prism  is 
greatest  when  tho  sky  is  regarded  in  a  direction  at  right  angles  to 
that  of  the  solar  rays  through  the  air.  Let  me  describe  a  few  actual 
observations  made  some  days  ago  on  Primrose  Hill.  The  sun  was 
near  setting,  and  a  few  scattered  neutral-tint  clouds,  which  failed  to 
catch  the  dying  light,  were  floating  in  the  air.  When  these  were 
looked  at  across  the  track  of  the  solar  beams,  it  was  possible  by 
turning  the  Nicol  round,  to  see  them  either  as  white  clouds  on  a  dark 
ground,  or  as  dark  clouds  on  a  bright  ground.*     In  some  of  its  posi- 

*  I  was  not  aware  when  •  these  words  were  written  that  this  observation  was 
made  by  the  indefatigable  Brewster. 
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tions  tho  sky-light  was  in  great  part  quenched  by  the  Nicol,  and  thon 
the  clouds,  projected  against  the  darkness  of  space,  appeared  white. 
Turning  tho  Nicol  ninety  degrees  round  its  axis,  the  brightness  of  tho 
sky  was  restored,  and  then  the  clouds  became  dark  through  contrast 
with  this  brightness. 

Experiments  of  this  kind  prove  that  the  blue  light  sent  to  us  by 
the  firmament  is  polarized,  and  that  the  direction  of  most  perfect 
polarization  is  perpendicular  to  the  solar  rays.  Were  the  heavenly 
azure  like  the  ordinary  light  of  the  sun,  the  turning  of  the  prism 
would  have  no  effect  upon  it ;  it  would  be  transmitted  equally  during 
the  entire  rotation  of  the  prism.  The  light  of  the  sky  is  in  great 
part  quenched,  because  it  is  in  great  part  polarized. 

When  a  luminous  beam  impinges  at  the  proper  angle  on  a  plane 
glass  surface  it  is  polarized  by  reflexion.  It  is  polarized,  in  part, 
by  all  oblique  reflexions ;  but  at  one  particular  angle,  the  reflected 
light  is  perfectly  polarized.  An  exceedingly  beautiful  and  simple 
law,  discovered  by  Sir  David  Brewster,  enables  us  readily  to  find 
the  polarizing  angle  of  any  substance  whose  refractive  index  is  known. 
This  law  was  discovered  experimentally  by  Brewster  ;  but  the  Wavo 
Theory  of  light  renders  a  complete  reason  for  tho  law.  A  geome- 
trical imago  of  it  is  thus  given.  When  a  beam  of  light  impinges 
obliquely  upon  a  plate  of  glass  it  is  in  part  reflected  and  in  part 
refracted.  At  one  particular  incidenco  the  reflected  and  the  refracted 
portions  of  the  beam  are  at  right  angles  to  each  other.  The  anglo  of 
incidence  is  then  the  polarizing  angle.  It  varies  with  the  refractive 
index  of  the  substance ;  being  for  water  524,  for  glass  57},  and  for 
diamond  G8  degrees. 

And  now  we  ore  prepared  to  comprehend  tho  difficulties  which 
have  beset  tho  question  before  us.  It  has  been  already  stated  that  in 
order  to  obtain  tho  most  perfect  polarization  of  the  finnamental  light, 
the  sky  must  bo  regarded  in  a  direction  at  right  angles  to  the  solar 
beams.  This  is  sometimes  expressed  by  saying  that  tho  place  of 
maximum  polarization  is  at  an  angular  distance  of  90°  from  tho  sun. 
This  angle,  enclosed  as  it  is  between  tho  direct  and  reflected  rays, 
comprises  both  tho  angles  of  incidence  and  reflexion.  Hence  tho 
angle  of  incidence,  which  corresponds  to  the  maximum  polarization  of 
the  sky,  is  half  of  90",  or  45°.  This  is  tho  atmospheric  polarizing 
angle,  and  tho  question  is,  what  known  substance  possesses  on  index 
of  refraction  to  correspond  with  this  polarizing  angle  ?  If  wo  knew 
this  substance,  we  might  be  tempted  to  conclude  that  particles  of  it, 
scattered  in  tho  atmosphere,  produce  tho  polarization  of  tho  sky. 
"  Were  tho  anglo  of  maximum  polarization,"  sayH  Sir  John  Herschel, 
"  7f>°  (instead  of  90),  we  should  look  to  water,  or  ice,  as  tho  reflecting 
body,  however  inconceivable  the  existence  in  a  cloudless  atmosphere, 
and  a  hot  summer  day,  of  unevapnrated  particles  of  water."  But  a 
polarizing  angle  of  45"  corresponds  to  a  refractive  index  of  1 ;  this 
means  that  there  is  no  refraction  at  all,  in  which  case  we  might  to 
have  no  reflexion.      Brewster  and  others  came  to  tho  conclusion  that 
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the  refloxion  was  from  tho  particles  of  air  themselves.  Dr.  Ruben- 
son,  of  Upsala,  mado  tho  anglo  enclosed  between  the  direct  and 
reflected  beams  90°  2';  "  the  half  of  which/'  says  Mr.  Buchan,  in  his 
excellent  little  '  Handy  Book  of  Meteorology,'  "  is  so  near  tho 
polarizing  angle  of  air,  as  to  leave  no  doubt  that  the  light  of  the  sky, 
as  first  stated  by  Brewster,  is  polarized  by  reflexion  from  tho 
particles  of  air/'  It  is  difficult  to  affix  a  physical  meaning  to  this 
conclusion.  If  light  be  reflected,  it  must  bo  at  the  common  limiting 
surfaco  of  two  media  of  different  rofrangibility.  But  to  satisfy  tho 
law  of  Brewster,  as  Sir  John  Herschel  remarks,  "  the  reflexion  would 
havo  to  bo  made  in  air  upon  air ! "  "  The  more  the  subject  is  con- 
sidered," adds  the  celebrated  philosopher  last  named,  "  tho  more  it 
will  be  found  beset  with  difficulties,  and  its  explanation,  when  arrived 
at,  will  probably  be  found  to  carry  with  it  that  of  the  blue  colour  of 
tho  sky  itself." 

If  you  doubt  the  wisdom,  acknowledge,  at  all  events,  the  faith  in 
your  capacity  which  has  caused  me  to  bring  a  subject  so  entangled 
before  you.  I  believe,  however,  that  even  the  intellect  which  draws 
its  strength  and  its  associations  from  a  totally  different  source,  may 
have  its  interest  excited  in  subjects  like  the  present,  dark  and  difficult 
though  they  be.  I  do  not  expect  that  you  will  all  grasp  the  details 
of  this  discussion ;  but  I  think  that  everybody  present  will  see  the 
extromely  important  part  hitherto  played  by  the  law  of  Brewster  in 
speculations  as  to  the  colour  and  polarization  of  the  sky.  This  law 
leads  to  the  extraordinary  conclusion  already  announced,  that  the 
reflexion  takes  place  at  the  limiting  surface  of  two  media  of  the  same 
refrangibility,  where  reflexion  could  no  moro  occur  than  it  could 
occur  in  the  very  heart  of  an  optically  homogeneous  medium.*  I  shall 
now  seek  to  demonstrate  in  your  presence,  firstly,  and  in  conformation 
of  our  former  experiments,  that  sky-bluo  may  be  produced  by  exceed- 
ingly minute  particles  of  any  kind  of  matter ;  secondly,  that  polariza- 
tion identical  with  that  of  the  sky  is  produced  by  such  particles ;  and 
thirdly,  that  matter  in  this  fine  state  of  division,  where  its  particles  are 
probably  small  in  comparison  with  the  height  and  span  of  a  wave  of 
light,  releases  itself  completely  from  the  law  of  Brewster ;  the  direction 
of  maximum  polarization  being  absolutely  independent  of  the  polariz- 
ing angle  as  hitherto  defined.  Why  this  should  be  tho  case,  the  wave 
theory  of  light,  to  make  itself  complete,  will  havo  subsequently  to 
explain. 

Into  this  experimental  tube,  in  the  manner  already  described,  I 
introduce  a  vapour  which  is  decomposable  by  the  waves  of  light.   The 


*  I  am  here  taking  for  granted  that  the  polarizing  angle  of  45°  established 
by  observation  is  rigidly  correct.  With  regard  to  the  reflexion  which  accompanies 
atmospheric  refraction,  inasmuch  as  the  rays  are  incident  upon  a  convex  surface, 
or  upon  a  series  of  concentric  convex  surfaces,  the  reflected  light  is  dispersed  in 
space  instead  of  reaching  tho  eye  of  the  observer.  Such  reflexion,  moreover,  even 
to  an  eye  in  space,  would  not  account  for  tho  colour  of  the  sky,  nor  probably 
for  tho  quantity  of  its  light. 
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mixed  air  and  vapour  arc  sufficient  to  depress  the  mercurial  column 
one  inch.  I  add  to  this  mixture  air,  which  has  been  permitted  to 
bubble  through  dilute  hydrochloric  acid,  until  tho  column  is  depressed 
thirty  inches :  in  other  words,  until  tho  tube  is  full.  And  now  I 
permit  the  electric  beam  to  play  upon  the  mixture.  For  some  time 
nothing  is  seen.  Tho  chemical  action  is  doubtless  progressing,  and 
condensation  going  on ;  but  the  condensing  molecules  have  not  yet 
coalesced  to  particles  sufficiently  large  to  reflect  sensibly  tho  waves  of 
light.  As  before  stated — and  the  statement  rests  upon  an  experimental 
basis — the  particles  here  generated  are  at  first  so  small  that  their 
diameters  would  probably  havo  to  bo  expressed  in  millionths  of  an 
inch  ;  while  to  form  each  of  these  particles  wholo  crowds  of  molecules 
are  probably  aggregated.  Helped  by  such  considerations,  the  intellec- 
tual vision  plunges  more  profoundly  into  atomic  nature,  and  shows  us, 
among  other  things,  how  far  we  aro  from  the  realization  of  Newton's 
hope  that  tho  molecules  might  one  day  be  seen  by  microscopes.  Whilo 
I  am  speaking,  you  observe  this  delicate  blue  colour  forming  and 
strengthening  within  the  experimental  tube.  No  sky-blue  could  exceed 
it  in  richness  and  purity ;  but  tho  particles  which  produce  this  colour 
lie  wholly  beyond  our  microscopic  range.  A  uniform  colour  is  here 
developed,  which  has  as  littlo  breach  of  continuity — which  yields  as 
little  evidence  of  the  particles  concerned  in  its  production— as  that 
yielded  by  a  body  whose  colour  is  due  to  truo  molecular  absorption. 
This  blue  is  at  first  as  deep  and  dark  as  tho  sky  seen  from  tho  highest 
Alpine  peaks,  and  for  the  same  reason.  But  it  grows  gradually  brighter, 
still  maintaining  its  blucness,  until  at  length  a  whitish  tinge  mingles 
with  the  pure  azuro  ;  announcing  that  the  particles  aro  now  no  longer 
of  that  infinitesimal  size  which  reflects  the  shortest  waves  alone.* 

The  liquid  here  employed  is  the  iodide  of  allyl,t  but  I  might 
choose  any  one  of  a  dozen  substances  here  before  me  to  produce  tho 
effect.  You  havo  seen  what  may  be  done  with  the  nitrite  of  butyl. 
With  nitrite  of  amyl,  bisulphide  of  carbon,  benzol,  benzoic  tether,  &c. 
the  samo  blue  colour  may  bo  produced.  In  all  cases  where  matter 
slowly  passes  from  the  molecular  to  the  massive  state,  the  transition 
is  marked  by  tho  production  of  the  blue.  More  than  this  : — you  have 
seen  mo  looking  at  tho  blue  colour  (I  hardly  like  to  call  it  a  bluo 
"cloud,*'  its  texture  and  properties  aro  so  different  from  ordinary 
clouds)  through  this  bit  of  spar.  This  is  a  Nicol's  prism,  and  I  could 
wish  one  of  them  to  be  placed  in  the  hands  of  each  of  you.  Well, 
this  bluo  that  1  have  been  regarding  turns  out  to  be,  if  I  may  use  the 
expression,  a  bit  of  more  perfect  sky  than  the  sky  itself.  When  I  look 
across  tho  illuminating  beam  exactly  as  we  look  across  tho  solar  rays 
in  tho  atmosphere,  I  obtain  not  only  partial  polarization,  but  per f vet 
polarization.     In  ono  position  of  tho  Nicol  tho  blue  light  seems  to 

*  Possibly  a  photographic  impression  might  bo  taken  long  beforo  the  blur  he- 
roines visible,  for  the  ultm-Mno  mys  are  first  refleotetl. 

t  For  which  I  huve  to  thunk  the  obliging  kindness  of  Dr.  Mux  well  Simpson, 
P.  U.S. 
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pass  unimpeded  to  the  eye ;  in  the  other  it  is  absolutely  cut  off,  the 
experimental  tube  being  roduced  to  optical  emptiness.  Behind  the 
experimental  tube  it  is  well  to  place  a  black  surface,  in  order  to  pre- 
vent foreign  light  from  troubling  the  eye.  In  one  position  of  the 
Nicol  this  black  surface  is  seen  without  softening  or  qualification  ;  for 
the  particles  within  the  tube  are  themselves  invisible,  and  the  light 
which  they  reflect  is  quenched.  If  the  light  of  tho  sky  were  polarized 
with  the  same  perfection,  on  looking  properly  towards  it  through  a 
Nicol  we  should  meet,  not  tho  mild  radiance  of  the  firmament,  but  the 
unillumined  blackness  of  space. 

The  construction  of  the  Nicol  is  such  that  it  permits  to  pass 
through  it  vibrations  which  are  executed  in  a  certain  determinate 
direction,  and  those  only.  All  vibrations  executed  at  right  angles  to 
this  direction  are  completely  stopped :  while  components  only  of  those 
executed  obliquely  to  it  aro  transmitted.  It  is  easy,  therefore,  to  see 
that  from  the  position  in  which  the  Nicol  must  be  held  to  transmit  or 
to  quench  tho  light  of  our  incipient  cloud,  we  can  infer  the  direction 
of  the  vibrations  of  that  light.  You  will  be  able  to  picture  those 
vibrations  without  difficulty.  Suppose  a  line  drawn  from  any  point 
of  the  "  cloud  "  perpendicular  to  the  illuminating  beam.  The  particles 
of  aether  along  that  line,  which  carry  the  light  from  the  cloud  to  the 
eye,  vibrate  in  a  direction  perpendicular  both  to  the  line  and  to  the 
beam.  And  if  any  number  of  lines  be  drawn  in  the  same  way  from 
the  cloud,  like  the  spokes  of  a  wheel,  the  particles  of  rather  along  all 
of  them  oscillate  in  the  same  manner.  "Wherefore,  if  a  plane  surface 
be  imagined  cutting  tho  incipient  cloud  at  right  angles  to  its  length, 
tho  perfectly  polarized  vibrations  discharged  laterally  will  all  be 
parallel  to  this  surface.  This,  in  fact,  is  the  plane  of  vibration  of  the 
polarized  light.  Or  you  may  suppose  a  circle  drawn  round  the  experi- 
mental tube,  and  a  series  of  strings  attached  to  various  points  of  this 
circle.  If  all  the  cords  be  stretched  as  perpendiculars  to  the  experi- 
mental tube,  and  caused  to  wriggle  by  a  series  of  jerks  imparted  at 
right  angles  both  to  them  and  to  the  tube,  the  motion  of  the  particles 
of  the  strings  will  then  represent  those  of  the  particles  of  Bather.  A 
distinct  image  of  those  vibrations  is  now,  I  hope,  within  the  reach  of 
every  person  here  present. 

Our  incipient  blue  cloud  is  a  virtual  Nicol's  prism,  and,  between  it 
and  the  real  Nicol,  we  can  produce  all  tho  effects  obtainable  between 
tho  polarizer  and  analyzer  of  a  polariscope.  When,  for  example,  a 
thin  plate  of  selenite,  which  is  crystallized  sulphate  of  lime,  is  placed 
between  the  Nicol  and  the  incipient  cloud,  we  obtain  the  splendid 
chromatic  phenomena  of  polarized  light.  Tho  colour  of  the  gypsum- 
plate,  as  many  of  you  know,  depends  upon  its  thickness.  If  this  be 
uniform,  the  colour  is  uniform.  If,  on  tho  contrary,  the  plate  be 
wedge-shaped,  thickening  gradually  and  uniformly  from  edge  to  back, 
we  have  brilliant  bands  of  colour  produced  parallel  to  the  edge  of  the 
wedge.  Perhaps  the  best  form  of  plate  for  experiments  of  this  character 
is  that  now  in  my  hand,  which  was  prepared  for  me  some  years  ago  by 
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a  man  of  genius  in  his  way,  tho  late  Mr.  Darker  of  Lambeth.  It  con- 
sists of  a  plate  of  selenite  thin  at  the  centre,  and  gradually  thickening 
towards  the  circumference.  Placing  this  film  between  the  Nicol  and 
the  cloud,  we  obtain,  instead  of  a  series  of  parallel  bands,  a  system  of 
splendidly  coloured  rings.  The  colours  are  most  vivid  when  the 
incipient  cloud  is  looked  at  perpendicularly.  Precisely  the  same 
phenomena  are  observed  when  we  look  at  the  blue  firmament  in  a 
direction  perpendicular  to  the  solar  rays. 

We  have  thus  far  illuminated  our  incipient  cloud  with  ordinary 
light,  and  found  the  portion  of  this  light  reflected  laterally  from  the 
cloud  in  all  directions  round  it  to  be  perfectly  polarized.  Wo  will 
now  examine  tho  effects  produced  when  the  light  which  illuminates 
tho  cloud  is  itself  polarized.  In  front  of  tho  electric  lamp,  and  be- 
tween it  and  the  experimental  tube,  is  placed  this  fine  Nicol's  prism, 
which  is  sufficiently  large  to  embrace  and  to  polarize  the  entire  beam. 
The  prism  is  now  placed  so  that  the  plane  of  vibration  of  the  light 
'  emergent  from  it,  and  falling  upon  the  cloud,  is  vertical.  How  does 
tho  cloud  behave  towards  this  light  ?  This  formless  aggregate  of  infi- 
nitesimal particles,  without  definite  structure,  shows  the  two-sidedness 
of  the  light  in  the  most  striking  manner.  It  is  absolutely  incompetent 
to  reflect  upwards  or  downwards,  while  it  freely  discharges  the  light 
horizontally,  right  and  left.  I  turn  the  polarizing  Nicol  so  as  to  render 
tho  plane  of  vibration  horizontal ;  tho  cloud  now  freely  reflects  the 
light  vertically  upwards  and  downwards,  but  it  is  absolutely  incompe- 
tent to  shed  a  ray  horizontally  to  the  right  or  left. 

Fix  your  attention  upon  one  of  thoso  reflecting  particles.  Figure 
it  as  a  little  sphere  with  the  beam  of  tho  electric  light  impinging 
upon  it.  Let  us  call  that  diameter  which  coincides  with  tho  direction 
of  the  beam,  tho  axis  of  the  sphore ;  ono  of  its  poles  would  then  be 
turned  towards  tho  light,  and  the  other  in  tho  opposite  direction. 
The  equator  of  the  little  sphere  would  of  course  be  midway  between 
its  poles.  Now,  conceive  a  parallel  of  latitude  drawn  upon  the 
sphere  at  an  angular  distance  of  45  degrees  from  the  polo ;  that  is  to 
say,  midway  between  the  pole  and  the  equator.  Then  what  occurs 
with  ordinary  light  is  this:  all  the  vibrations  tangont  to  the  little 
circle,  which  I  havo  called  a  parallel  of  latitude,  are  reflected  perfectly 
polarized ;  but  all  vibrations  executed  at  right  angles  to  the  circle  go 
unreflected  through  the  little  sphere.  If,  instead  of  ordinary  light, 
wo  use  polarized  light,  it  is  clear  that  at  two  opposite  points  of  tho 
little  circle  the  vibrations  are  executed  along  the  tangents,  while  at  two 
other  opposite  points  they  aro  executed  at  right  angles  to  the  tangents. 
In  the  former  case  tho  particle  reflects  the  light,  in  the  latter  it 
transmits  tho  light  unreflected.  What  is  true  of  a  singlo  particle  is 
truo  of  all,  and  hence  the  inability  of  tho  incipient  cloud  formed  of 
such  particles  to  reflect  light  in  two  directions,  whilo  it  freely  reflects 
it  in  two  others.  Tho  entire  facts  aro  now  placed  before  you.  The 
reflecting  particle  and  tho  waves  of  tether  are  of  course  both  beyond 
tho  range  of  the  senses,  but  to  the  intellect  the  conceptions  here  intro- 
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duced  are  just  as  easy  as  if,  in  illustration,  I  had  pointed  to  the  poles, 
equator,  and  parallel  of  latitude  of  an  ordinary  terrestrial  globe. 

Suppose  the  atmosphere  of  our  planet  to  bo  surrounded  by  an 
envelope  impervious  to  light,  with  an  aperture  on  the  sunward  side, 
through  which  a  solar  beam  could  enter  and  cross  our  atmosphere. 
Surrounded  on  all  sides  by  air  not  directly  illuminated,  the  track  of 
the  sunlight  would  resemble  that  of  the  electric  beam  in  a  dark  space 
filled  with  our  incipient  cloud.  The  course  of  the  sunbeam  would 
bo  blue,  and  it  would  discharge  laterally,  in  all  directions  round  it, 
light  in  precisely  tho  same  polarized  condition  as  that  discharged 
from  the  incipient  cloud.  In  fact,  tho  azure  revealed  by  tho  sunbeam 
would  be  the  azure  of  such  a  cloud.  And  if,  instead  of  permitting 
the  ordinary  light  of  tho  sun  to  enter  the  aperture,  a  Nicol's  prism 
were  placed  there,  which  should  polarize  the  sunlight  on  its  entrance 
into  our  atmosphere,  the  particles  producing  the  colour  of  the  sky 
would  act  precisely  liko  those  of  our  incipient  cloud.  In  two  direc- 
tions wo  should  havo  the  solar  light  reflected ;  in  two  others  unreflected. 
In  fact,  out  of  such  a  solitary  beam,  traversing  the  unilluminatod  air, 
we  should  be  able  to  extract  cvory  effect  shown  by  our  incipient  cloud. 
In  the  production  of  such  clouds  we  virtually  carry  bits  of  tho  sky 
into  our  laboratories,  and  obtain  with  them  all  the  effects  obtainable 
in  the  open  firmament  of  heaven.  „ 

And  hero,  had  not  a  sufficient  strain  been  already  imposed  upon 
your  minds,  I  might  enter  upon  tho  description  of  a  series  of  extra- 
ordinary effects  observed  when  the  particles  of  our  incipient  clouds 
are  allowed  to  augment  in  size,  so  as  to  approach  the  condition  of  true 
cloudy  matter.  The  sclonite  ring-system,  already  referred  to,  is  a 
most  delicate  reagent  for  the  detection  of  polarized  light.  When  we 
look  normally,  or  perpendicularly,  at  an  incipient  cloud,  the  colours  of 
the  rings  are  most  vividly  developed,  a  diminution  of  the  colour  being 
immediately  apparent  when  tho  incipient  cloud  is  regarded  obliquely. 
But  let  us  continuo  to  look  through  the  Nicol  and  selcnite  normally 
at  the  cloud :  the  particles  augment  in  size,  the  cloud  becomes  coarser 
and  whiter,  the  strength  of  the  selenite  colours  becoming  gradually 
feebler.  At  length  tho  cloud  ceases  to  discharge  polarized  light 
along  tho  normal,  and  then  tho  selenite  colours  entirely  disappear. 
If  now  tho  cloud  bo  regarded  obliquely,  the  colours  are  restored,  very 
vividly,  if  not  with  their  first  vividness  and  clearness.  Thus  the 
cloud  that  has  ceased  to  discharge  polarized  light  at  right  angles  to 
tho  illuminating  beam,  pours  out  such  light  copiously  in  oblique 
directions.  The  direction  of  maximum  polarization  changes  with  the 
texture  of  the  cloud. 

But  this  is  not  all ;  and  to  understand,  even  partially,  what  remains, 
a  word  must  be  said  regarding  tho  appearance  of  the  colours  of  our 
plate  of  selenite.  If,  as  before  stated,  tho  plate  be  of  uniform  thick- 
ness, its  hue  in  polarized  light  is  uniform.  Suppose,  then,  that  by 
arranging  the  Nicol  the  colour  of  the  plate  is  raised  to  its  maximum 
brilliancy,  and  suppose  the  colour  produced  to  bo  green  ;  on  turning 
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the  Nicol  round  its  axis  tho  green  becomes  fainter.  Whon  tho  angle 
of  rotation  amounts  to  45  degrees  the  colour  disappears ;  we  then  pass 
what  may  be  called  a  neutral  point,  whero  tho  selcnito  behaves,  not 
as  a  crystal,  but  as  a  bit  of  amorphous  glass.  Continuing  the  rotation, 
a  colour  reappears,  but  it  is  no  longer  green,  but  red.  This  attains 
its  maximum  at  a  distance  of  45  degrees  from  the  neutral  point,  or,  in 
other  words,  at  a  distance  of  90  degrees  from  the  position  which 
showed  the  green  at  its  maximum.  At  a  further  distance  of  45  degrees 
from  the  position  of  maximum  red,  tho  colour  disappears  a  second 
time.  We  have  there  a  second  neutral  point,  beyond  which  the  green 
comes  again  into  view,  attaining  its  maximum  brilliancy  at  tho  end 
of  a  rotation  of  180  degrees.  By  the  rotation  of  the  Nicol,  therefore, 
through  an  anglo  of  90  degrees,  we  produce  a  colour  complementary  to 
that  with  which  we  started. 

As  may  be  inferred  from  this  result,  tho  selcnite  ring-system 
changes  its  character  when  the  Nicol  is  turned.  It  is  possible 
to  have  the  centre  of  tho  circle  dark,  the  surrounding  rings  being 
vividly  coloured.  The  turning  of  the  Nicol  through  an  angle  of  90 
degrees  renders  tho  centre  bright,  while  every  point  occupied  by  a 
certain  colour  in  the  first  instance  is  occupied  by  tho  complement  of 
that  colour  in  the  second.  But  what  am  I  aiming  at  in  these  long 
preliminary  statements  ?  I  want  to  be  able  to  say,  with  full  assuranco 
of  being  understood  by  everybody  present,  that  a  cloud  may  so  alter 
its  texture  as  to  produce  upon  light  an  effect  equivalent  to  tho  rotation 
of  tho  Nicol  through  90  degrees.  By  curious  internal  actions,  not 
here  to  be  described,  tho  cloud  in  our  experimental  tubo  sometimes 
divides  itself  into  sections  of  different  textures.  Sonio  sections  aro 
coarser  than  others,  while  it  often  happens  that  some  aro  iridescent 
to  the  naked  eye,  and  others  not.  Looking  normally  at  such  a  cloud 
through  the  selenite  and  Nicol,  it  often  happens  that  in  passing  from 
section  to  section  tho  whole  character  of  the  ring-system  is  changed. 
Tou  start  with  a  section  producing  a  dark  centre  and  a  corresponding 
system  of  rings;  you  pass  to  another  section  through  a  neutral 
point,  and  find  in  that  section  the  centre  bright,  and  at  the  same  radial 
distances  find  each  of  tho  first  rings  displaced  by  one  of  the  comple- 
mentary colour.  Sometimes  as  many  as  four  such  reversions  occur  in 
tho  cloud  of  an  experimental  tube  a  yard  long.  Now,  tho  changes 
here  indicated  mean  that  in  passing  from  section  to  section  of  tho 
cloud  tho  piano  of  vibration  of  the  polarized  light  turns  suddenly 
through  on  anglo  of  90  degrees ;  this  change  being  entirely  duo  to  tho 
different  texture  of  the  two  parts  of  tho  cloud. 

You  will  now  be  able  to  understand,  as  far  as  it  is  capable  of  being 
understood,  a  very  beautiful  effect  which,  under  favourable  circum- 
stances, might  bo  observed  in  our  atmosphere.  This  experimental 
tube  contains  an  inch  of  the  iodide  of  allyl  vapour,  the  remaining 
29  inches  necessary  to  fill  the  tube  being  air,  which  has  bubbled 
through  aqueous  hydrochloric  acid.  Besides,  therefore,  the  vapour  of 
iodido  of  allyl,  wo  have  those  of  water  and  of  acid  within  the  tube. 
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The  light  has  boon  acting  on  the  mixture  for  some  time,  a  beautiful 
incipient  blue  cloud  being  formed.  As  before  stated,  the  "  incipient 
cloud  "  is  wholly  different  in  texture  and  optical  properties  from  an 
ordinary  cloud;  but  it  is  possible  to  precipitate  the  aqueous  vapour 
within  this  tube  so  as  to  cause  it  to  form  a  cloud  similar  to  the  clouds 
of  our  atmosphere.  This  new  and  real  cloud  will  be  precipitated  in 
the  midst  of  the  azuro  of  tho  incipient  cloud.  An  exhausted  vessel  of 
about  one-third  of  the  capacity  of  the  experimental  tube  is  now  con- 
nected with  the  tube,  the  passage  uniting  both  being  closed  by  a  stop- 
cock. On  opening  this  cock  the  mixed  air  and  vapour  will  rush  from 
the  experimental  tube  into  the  empty  vessel ;  and,  in  consequence  of 
the  chilling  due  to  rarefaction,  the  vapour  in  the  experimental  tube 
will  fall  together  as  a  true  cloud.  You  are  now  prepared  for  the  expe- 
riment. I  first  look  at  this  blue  colour,  so  as  to  obtain  a  vivid  ring- 
system  with  a  dark  centre  Turning  on  the  cock,  the  air  is  rarefied 
and  the  cloud  precipitated.  What  is  the  result  ?  Instantly  the  centre 
of  the  system  of  coloured  rings  becomes  bright,  and  the  whole  series 
of  colours  corresponding  to  definite  radial  distances,  complementary. 
While  I  continue  to  look  at  the  cloud,  it  gradually  melts  away  as  an 
atmospheric  cloud  might  do  in  the  azure  of  heaven.  And  there  is  our 
azure  also  remaining  behind.  Tho  coarser  cloud  seems  drawn  aside 
like  a  veil,  the  blue  reappears,  the  first  ring-system,  with  its  dark 
centre  and  correspondingly  coloured  circles,  being  restored. 

Thus  patiently  and  bravely  you  have  accompanied  me  over  a  piece 
of  exceedingly  difficult  ground;  and  I  think  as  a  prudent  guide,  we 
ought  to  holt  upon  tho  eminence  we  havo  now  attained.  We  might 
go  higher,  but  the  boulders  begin  hero  to  be  very  rough.  At  a  future 
day  we  shall,  I  doubt  not,  be  able  to  overcome  this  difficulty,  and  to 
reach  together  a  greater  elevation. 

[J-  T.] 

WEEKLY  EVENING  MEETINGS, 
Friday,  January  22,  29,  18G9. 

Sir  Henbt  Holland,  Bart  M.D.  D.C.L.  FJLS.  President, 

in  the  Chair. 

January  22,  Professor  Alexander  Hebsohel. 

On  the  latest  Eclipse  of  the  Sun. 

January  29,  John  Buskin,  Esq.  M.R.I. 

On  the  Flamboyant  Architecture  of  the  Valley  of  the  Somme. 

[No  Abstracts  received.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  Feb.  1,  1869. 

W.  R.  Gbovb,  Esq.  M.A.  Q.C.  F.R.S.  Vice-President,  in  the  Chair. 

Edward  Armitago,  Esq.  A.R.A.  :   Frederick  J.  Toulmin,  Esq. 

Geoffrey  Bovington,  Esq.  R.  O.  White,  Esq. 

Frederick  Leighton,  Esq.  |   William  Edward  Wilson,  Esq.  and 

The  Master  of  Lindsay.  Philip  Wright,  Esq. 
Frederick  Nottlefold,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  to  Sir  Henry 
Holland,  Bart,  the  President,  for  his  present  of  an  original  Spirit 
Thermometer  of  the  Accademia  del  Cimento  of  Florence,  17th  cen- 
tury, which  he  had  received  from  M.  G.  Libri. 

The  special  thanks  of  the  Members  were  also  returned  for  the 
following  additions  to  "the  Donation  Fund  for  the  Promotion  of 
Experimental  Researches": — 

Alfred  Davis,  Esq.  (3rd  Donation)  . .     £21    0 

W.  D.  (3rd  Donation;  . .  . .  . .         . .         5    5 

The  Presents  recoived  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. :  — 

FROM 

Actuaries,  Institute  o/— Journal,  No.  74.    4to.     18G8. 

Asiatic  Society  of  Bengal — Journals  Nos.  147,  14S.     8vo.     1808. 

Asiatic  SocMy,  Royal — Journal.    New  Scries.    Vol.  III.  No.  2.    8vo.    1868. 

Astronomical  Society,  Hoyal — Proceedings.    Vol.  XXIX.  Nos.  1,  2.     8vo.     1808-9. 

Monthly  Notices.    Vol.  XXVIII.    Nos.  8, 9.    8vo.     1S68. 
Basel  Natural  Philosophy  Society — Verhandlungen.     Theil  V.     Heft  I.    8vo. 

18C8. 
Bavarian  Academy  of  Science,  lioyah — Sitzungsbcrichte,  18G8.    Band  II.    Heft  2. 

8vo. 
lleke,  l)r.  C.  T.  (the  Aufhtyr) — Confutation  of  Mr.  Layard's  Calumnies  in  the  House 

of  Commons.     (K  95)    8vo.     1808. 
BrititJi  Museum,  Trustees — Inscriptions  in  the  Hieratic  and  Demotic  Character, 
fol.     1808. 
Catalogue  of  Hemiptera  Heteroptera.    Part  3.     8vo.    1808. 
Chemical  Society-^J<mn\fi\8  for  Dec.  1808;  Jan.  1809. 

Christ iania   University,  Norway — M.  Sara,  Memoires  sur  les  Crino'ides  Vivants. 
4to.  1808. 
Norse  Mcteorolojrisk  Aarbog  for  1807.    4  to.     1808. 

Morkinskinnu :  (History  of  the  Kings  of  Norway,  1035-1177.)    Ed.  C.  K.  Ungcr. 
8vo.    1807. 
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Davis,  Alfred,  Esq.  M.R.I.—  Manassch  Ben  Israel:  The  Conciliator,  a  Reconcile- 
ment of  the  apparent  Contradictions  in  Holy  Scripture.   With  Notes  by  £.  H. 
Lindo.     2  vols.    8vo.    1842. 
Editors—  American  Journal  of  Science  and  Arts.    Nov.  1868.    8vo. 
Artizan  for  Dec  18G8;  Jan.  18G9.    4to. 
Athenamm  for  Dec.  1868;  Jan.  1809.    4  to. 
British  Journal  of  Photography  for  Dec.  1808  ;  Jan.  18G9.    4to. 
Chemical  News  for  Dec.  1868J  Jan.  18G9.    4to. 
Engineer  for  Deo.  18G8 ;  Jan.  1869.    fol. 

Geological  and  Natural  History  Repertory.  Dec.  1868 ;  Jan.  1869.    8vo. 
Horological  Journal  for  Dec.  1868;  Jan.  18G9.    8vo. 
Journal  of  Gas-Lighting  for  Doc.  1868 ;  Jan.  18G9.    4to. 
Mechanics'  Magazine  for  Dec.  1868 ;  Jan.  18G9.    8vo. 
Pharmaceutical  Journal  for  Dec.  18G8;  Jan.  18G9.    8vo. 
Photographic  News  for  Doc.  18G8 ;  Jan.  18G9.    4to. 
Practical  Mechanics'  Journal  for  Dec.  18G8 ;  Jan.  1869.    4to. 
Revue  des  Cours  Scientifiques  et  Litteraircs.    Dec.  18G8;  Jan.  1869.    4to. 
Franklin  Institute — Journal,  No.  515.    8vo.     1808. 

Geneve,  SocieVfde  Physique — Memoircs.     Tome  XIX.  Partio  2.    4to.    1868. 
Glasgow  Philosophical  Society — Proceedings.    Vol.  VI.     No.  4.    8vo.    1867-8. 
JaUonowtki&ehe  Society,  Leipsic — Prcisschriflen.    XIII.  /  8vo.    1868. 
Jones,  II.  hence,  M.D.  F.R.S.  Hon.  Sec.  It.I.  (the  Author) — Croonian  Lectures  on 

Matter  and  Force.     16to.     1868. 
Latham,  Alfred,  Esq.  M.R.L—J.  Do  Barros  ©  Cunlia  "  To-Day  "  (on  State  of  Por- 

tugal).    (K!Xi)    8vo.    1868. 
Linnean  Society — Transactions.    Vol.  XXVI.  Part  2.    4to.    1868. 

Journal,  Nob.  45,  48.    8vo.    1868. 
Liverjxtol  Literary  and  Philosophical  Society — Proceedings.    Nos.  20,  21,  22.    8vo. 

18G6-7. 
Lords  of  the  Committee  of  Council — Cataloguo  of  Third  Exhibition  of  National 

Portraits.    4to.    18G8. 
Mechanical  Engineers*  Institution,  Birmingham— Proceedings,  Jan.- April,   1868. 

8vo. 
Mtieorological  Society — Proceedings,  No.  39.    8vo.    1868. 
Moore,  C.  II.  Esq.  M.R.I. — On  going  to  Sloop.    12mo.     1868. 
Photographic  Society — Journal,  Nos.  200,  201.    8vo.    1868. 
Itoyal  Society  of  London — Proceedings,  Nos.  106,  107.    8vo.    1868. 
Catalogue  of  Scientific  Papers.    1800-63.    Vol.  II.    4to.    1868. 
Saxon  Society  of  Sciences,  Royal — Abhaudlungen.  BaudV.  Nos.  4, 5.  8vo.    1868. 

Berichte :  Philol.  Hist.  Classe.     18G7,  No.  2  ;  1808,  No.  1.    8vo. 
Statistical  Society  of  London — Journal.    Vol.  XXXI.  Part  4.    1868. 
Syinons,  G.  J.  Esq.  (Vie  Author ', — Symons'  Monthly  Meteorological  Magazine,  Dec. 

18G8;  Jan.  18G9.    8vo. 
Vereins  zur  RcfOrdcrung  des  Geioerhfleisses   in  Preussen— Vcrhnndlungen,  Mara- 

Aug.  18G8.    4to. 
Victor ia  Institute  —Transactions,  No.  10.    8vo.    1866. 

Winn,  J.  M.  M.D.  {the  Author)— On.  tho  Nature  and  Treatment  of  Hereditary 
Disease.    (K  96)    8vo.     1809. 
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WEEKLY  EVENING  MEETING, 
Friday,  February  5, 18G9. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

James  Fergusson,  Esq.  F.R.S. 

On  Tree  and  Serpent  Worship,  as  exemplified  by  some  recently  discovered 

Indian  Monuments. 

The  speakor  introduced  the  subject  by  explaining  the  difficulties  which 
arose  in  treating  of  it,  partly  in  consequence  of  the  reckless  mannor 
in  which  a  certain  class  of  antiquaries  had  theorized  regarding 
Serpent-worship,  but  more  becauso,  as  a  result  of  this,  all  tho  better 
class  of  critics  had  been  deterred  from  meddling  with  what  had 
become  tho  laughing-stock  of  sober-minded  porsons,  in  consequence  of 
the  absurdities  which  had  been  engrafted  upon  it.  Except  one  work, 
by  Buttiger,  on  the  '  Baumkultus  der  Hcllencn,'  no  serious  work  had 
been  published  in  Germany,  bearing  on  tho  subject ;  while  in  Franco 
nothing  had  appeared  in  elucidation  of  tho  worship  of  either  tho 
Serpent  or  of  Trees. 

The  case  was  different  in  this  country:  a  whole  literature  had 
sprung  up,  dating  from  the  visit  of  King  James  I.  to  Stonehengo  in  com- 
pany with  his  architect,  Inigo  Jones ;  and  from  their  timo,  Dr.  Stukelcy, 
Colt  Hoaro,  Geoffrey  Higgins,  Bathuret  Dcane,  and  many  others, 
had  published  volume  after  volume  on  the  subject.  Almost  all  these 
works  had,  however,  been  based  on  a  passage  in  the  29th  book  of 
Pliny's  'Natural  History/  in  which  he  related  the  formation  of  an 
"  Anguinum "  or  serpent-egg,  by  an  assembly  of  snakes  on  a  certain 
day,  adding  that  the  egg  was  considered  an  important  charm  by  tho 
Druids.  On  this  slender  Itasis,  Stonehengo,  Avebury,  and  all  tho 
mcgalithic  temples  of  Britain,  were  called  Druidie,  and  Serpent- worship 
admitted  as  tho  established  faith  of  our  forefathers.  It  was  in  vain  to 
hope  to  attack  successfully  such  a  castlo  in  tho  air,  unions  some  new 
and  tangible  evidence  could  bo  brought  to  bear  on  the  subject.  This, 
however,  has  now  fortunately  reached  us  from  India,  and  the  object 
of  this  evening's  discourse  is  to  explain  its  form  and  relevance. 

Tho  first  monument  bearing  on  tho  subject  was  tho  Temple  of 
Nakhon  Vat,  in  the  centre  of  tho  now  dcsolato  country  of  Cambodia, 
which  was  discovered  about  ten  years  ago,  almost  accidentally,  by  a 
French  traveller,  M.  Muhot.  It  is  probably  not  too  much  to  say, 
that,  taken  altogether,  it  is  probably  tho  most  remarkable  temple  in 
Asia,  being  ono  of  tho  largest,  and  is  unsurpassed  by  any  in  the  extent 
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and  tbe  beauty  of  its  form,  and  the  marvellous  elaboration  of  its 
sculptural  details.  On  examination  it  was  found  that  this  temple  was 
erected,  by  an  Indian  colony  from  Taxila,  as  late  as  the  13th  century 
of  the  Christian  era,  and  was  dedicated  wholly  to  the  worship  of  the 
Serpent. 

The  next  piece  of  evidence  was  brought  to  light  even  moro  acci- 
dentally. While  looking  for  objects  to  cast  for  the  Paris  Exhibition 
of  1867,  a  large  collection  of  sculptures  in  white  marble  were  disco- 
vered buried  under  rubbish  of  all  sorts  in  the  stables  of  Fife  House, 
then  occupied  as  a  temporary  museum  attached  to  the  India  Office. 
On  examination,  it  was  found  that  these  had  been  sent  home  some 
twelve  years  ago,  by  Sir  Walter  Elliot,  having  been  principally  exca- 
vated by  him  from  the  Amravati  Tope,  a  building  of  the  4th  century, 
situated  about  60  miles  from  the  mouth  of  the  Kistnah  river  in  the 
Zillah  Guntoor. 

The  building  to  which  these  marbles  belonged  was  originally 
enclosed  by  a  circular  screen  195  feet  in  diameter,  or  exactly  double 
the  dimensions  of  the  corresponding  screen  at  Stonehenge,  the  height 
of  the  two  circles  being  very  nearly  the  same  Within  this  was  a 
procession-path,  12  feet  in  width,  and  then  an  inner  screen  only  6 
feet  in  height,  but  even  more  elaborately  ornamented  with  carvings 
than  tho  outer  enclosure.  The  interior  of  the  Topo  inside  these 
two  circles  was  occupied  by  a  number  of  buildings,  all  of  which  have 
been  destroyed,  and  their  materials  used  by  a  local  Rajah  in  building 
the  town  of  Amravati,  at  the  end  of  the  last  century. 

On  examination,  it  was  found  that  the  Tope  had  been  erected  in 
the  4th  century,  and  was  in  all  essentials  a  Buddhist  monument ;  but 
its  sculptures  proved  that  tho  worship  of  the  seven-headed  Naga,  or 
Serpent-god,  was  nearly  as  important  and  as  prevalent  when  it  was 
erected  as  that  of  Buddha  himself.  Another  circumstance,  nearly  as 
unexpected,  was  that  the  worship  of  the  Tree  was  equal  in  dignity  to 
that  of  tho  Serpent  —  the  thrco  forming  a  trinity  for  which  wo  were 
by  no  means  prepared. 

The  next  piece  of  evidence  which  came  to  light  was  in  tho  form  of 
a  series  of  photographs  of  the  Sanchi  Tope,  near  Bhopal,  in  Central 
india,  made  by  Lieut.  Waterhouse,  and  a  still  more  interesting  series 
of  drawings  of  the  sculptures  of  the  same  monument  by  Lieut.-Col. 
Maisey. 

The  sculptures  of  this  monument  are  earlier  than  those  of  the 
Amravati  Tope,  and  date  from  the  first  century  of  our  era.  In  them 
Buddha  himself  never  appears  as  an  object  of  worship,  though  the 
monument  is  essentially  Buddhist.  The  Serpent  is  worshipped,  but 
only  occasionally ;  but  the  Tree  is  the  prevailing  and  prominent  object 
of  adoration. 

The  light  thrown  on  the  subject  by  the  examination  of  these  three 
typical  examples  was  so  distinct  and  clear,  that  many  minor  indica- 
tions which  had  hitherto  been  overlooked  wcro  now  found  to  bear 
directly  on  the  subject ;  and  the  general  result  was  to  prove  what  had 
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only  before  been  suspected,*  which  was,  that  before  the  preaching  of 
Gautama  Buddha,  or  Sakya  Muni,  who  died  543  B.C.,  the  prevailing 
worship  of  the  aboriginal  tribes  of  India  was  Tree  and  Serpent  wor- 
ship ;  that  tho  former  was  tolerated  by  Buddha — the  latter  abolished ; 
but  in  later  times,  when  the  prophet's  influence  became  weaker,  that 
the  two  had  cropped  up  again,  and  had,  in  later  times,  so  obscured  as 
nearly  to  obliterate  tho  reforms  ho  had  introduced. 

Mr.  Fergusson  then  proceeded  to  point  out  what  he  believed  to  be 
the  key  to  half  the  problems  of  Indian  mythology  or  art :  this  was, 
that  the  country  was  now,  and  had  in  all  historical  times  been, 
inhabited  by  two  perfectly  distinct  and  separate  races  of  men.  Ono 
aboriginal,  so  far  as  known,  and  of  distinctly  Turanian  race ;  tho  other, 
Aryans,  who  migrated  into  India  some  2000,  or  it  may  bo  3000  years 
before  the  Christian  era,  and  who,  down  at  least  to  the  7th  century  b.o. 
completely  dominated  the  aboriginal  races. 

The  language  of  the  Aryans  was  Sanscrit — their  religion  that  of 
the  Yedas  ;  and  it  may  be  asserted,  almost  without  limitation,  that  all 
the  literature  of  India  belongs  to  this  great  family  of  mankind ;  but 
like  Aryans  all  over  the  world,  they  had  no  great  feeling  fur  art,  and 
erected  no  permanent  buildings. 

The  aboriginal  Turanians,  on  the  other  hand,  had  no  literature,  but 
an  innate  love  of  art,  and  built  as  instinctively  as  bees.  Their  religion, 
like  that  of  all  similar  races,  was  ancestral.  They  had  no  distinct  idea 
of  a  future  state,  but  supplied  its  place  by  metempsychosis ;  and,  as 
before  stated,  their  principal  outward  symbols  of  worship  were  Serpents 
and  Trees. 

Tho  religion  which  Buddha  taught  was  not  a  reform  of  the  Vcdic  faith 
of  the  Aryans,  but  a  refinement  of  tho  less  intellectual  religion  of  tho 
Turanians.  Serpent-worship  was  abolished,  and  with  it  human  sacri- 
fices, to  bo  replaced  by  the  utmost  tenderness  towards  all  living  things ; 
but  Tree-worship  was  not  oiriy  tolerated,  but  encouraged ;  tho  ancestral 
tumulus  became  a  relic  shrino ;  ascetics  were  formed  into  monastic 
communities ;  and,  what  is  even  more  important  for  our  present  pur- 
poses, simultaneously  with  this  upraising  of  a  Turanian  race,  men 
began  to  erect  permanent  buildings  in  India.  Thero  does  not,  so  far 
as  we  now  know,  exist  in  all  India  a  single  building  or  any  carved 
stone  that  dates  from  the  days  of  Aryan  supremacy ;  but  300  years 
after  the  death  of  Sakya  Muni,  Asoka,  then  emperor  of  India,  did  for 
Buddhism  what  Constantino  did  for  Christianity  600  years  afterwards. 
He  made  it  the  religion  of  the  state ;  and  with  him  begins  also  the 
history  of  lithic  architecture  in  that  country.  Tho  old  caves  that 
belong  to  this  age,  and  all  those  down  at  least  to  the  Christian  era, 
are  literal  copies  of  wooden  forms ;  and  it  is  not  till  after  the  time  of 
the  Sanchi  8  gateways,  which  were  erected  in  the  first  century  after 
Christ,  that  the  architecture  ceases  to  be  mcro  imitative  carpentry, 
and  becomes  appropriate  to  masonic  forms. 

*  '  Hibtory  of  Architecture,'  by  the  Author.    Vol.  ii„  p.  44S. 
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These  propositions  were  illustrated  by  diagrams  on  the  walls,  taken 
principally  from  the  Sanchi  and  Amravati  Topes,  to  which  the  speaker 
frequently  referred  as  illustrating  this  branch  of  his  subject. 

Having  established  these  points  in  so  far  as  India  was  concerned, 
the  speaker  then  turned  to  the  forms  which  this  worship  had  assumed 
among  the  Turanian  races  in  other  parts  of  the  world. 

Tho  earliest  written  notice  of  tho  worship  of  Trees  and  Serpents 
is  that  contained  in  the  2nd  and  3rd  chapters  of  Genesis.  With  the 
knowledge  wo  now  possess  on  this  subject,  it  appears  reasonable  to 
assume  that  tho  curse  therein  recorded  on  the  Serpent  was  not  against 
tho  reptile  as  such,  but  the  expression  by  a  Semitic  people  of  their 
abhorrence  of  what  they  considered  a  degrading  superstition,  which 
it  was  necessary  should  bo  anathematized  and  swept  away  in  order  to 
make  way  for  tho  purer  and  higher  worship  of  Jehovah,  which  it  was 
the  great  object  of  tho  writers  of  the  Pentateuch  to  introduce.  In  so 
far  as  tho  Jews  were  concerned  tho  abolition  seems  to  have  been  suc- 
cessful ;  but  when  they  come  in  contact  with  the  Canaanites  it  again 
crops  up  occasionally.  As,  for  instance,  when  the  Lord  is  said  to  havo 
appeared  to  Moses  in  a  flame,  issuing  from  a  sacred  tree,  on  which 
occasion  tho  prophet's  rod  was  turned  into  a  Serpent.  A  still  more 
remarkable  instance  was  that  of  the  brazen  Serpent,  which  Moses 
erected  in  tho  desert  to  cure  tho  Israelites  from  the  bites  they  were 
suffering  from.  Though  we  loso  sight  of  this  image  for  a  while,  it 
appears  that  the  Jews  burnt  incense  and  made  offerings  to  it  down  to 
the  timo  of  Hezekiah,  and  that  it  was  during  these  600  years  kept 
in  the  temple  with  the  Asherahs  or  Groves,  which  were  the  symbolical 
trees  of  this  form  of  worship.  It  reappeared  after  the  time  of  Christ 
in  the  form  of  the  sects  of  Ophites;  and,  in  so  far  as  we  can  trust 
coins,  prevailed  in  all  tho  citios  of  Asia  Minor  in  which  the  seven 
churches  wero  first  established. 

Both  forms  apparently  prevailed  in  Babylon,  but  only  Tree-worship 
has  been  found  in  Assyria;  while  in  ancient  Egypt  the  adoration 
of  the  Serpent  apparently  only  formed  one  item  in  that  wonderful 
pantheon  of  animal  worship  which  formed  so  singular  and  so  marked 
a  part  of  their  mythology. 

In  Greece  wo  find  a  history  and  mythology  precisely  analogous 
to  what  we  find  in  India.  An  old  Turanian  race  of  Pelasgi,  with 
ancestral,  and  Tree  and  Serpent  worship,  superseded  by  an  Aryan  race 
symbolized  by  the  return  of  the  Heracleid©,  and  all  whose  earlier 
myths  represent  cither  the  prevalence  of  this  form  of  worship  or  the 
struggles  of  tho  immigrant  Aryan  races  to  suppress  it.  When  one© 
they  had  attained  the  political  supremacy,  however,  the  Hellenes  seem 
to  have  become  more  tolerant. 

Tho  Pythonic  oracle  at  Delphi  was  adopted  conjointly  with  the 
Druidic  oracle  of  Dodnna,  as  tho  principal  sanctuary  of  the  country. 
Tho  oldest  temple  of  tho  Acropolis  at  Athens  was  erected  to  enshrine 
the  tree  of  Minerva,  which  was  given  in  charge  to  tho  serpent  Erectho- 
nios.      But  still  more  remarkable  than  theso  was  the  worship  of 
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Esculapius  in  the  form  of  a  serpent  in  the  grove  at  Epidaurus,  which 
prevailed  till  after  the  Christian  era.  Among  the  demigods  and  heroes 
the  Serpent  association  was  as  frequent  as  with  the  greater  deities, 
as  is  exemplified  by  the  stories  of  Cecrops,  Jason,  Theseus,  Hercules, 
Agamemnon,  and  generally  with  the  Homeric  fables. 

Rome  borrowed  her  Esculapian  serpent-worship  apparently  from 
Epidaurus,  though  Italy  had  a  centre  of  that  faith  at  Lanuvium,  and 
it  afterwards  became  so  favourite  a  form  under  the  Empire  that  the 
number  of  tame  Serpents  became  a  positive  nuisance. 

The  Germans  apparently  worshipped  Trees,  but  never  Serpents ; 
but  in  Scandinavia,  the  Finns  and  Lapps  and  other  Turanian  tribes 
brought  with  them  both  Tree  and  Serpent  worship  to  such  an  extent, 
that  notwithstanding  the  long  supremacy  of  Northmen  of  a  different 
race,  both  Trees  and  Serpents  were  worshipped  in  Esthonia  as  in 
Scandinavia  in  the  last  century,  and  the  faith  as  exhibited  in  the 
Edda  is  as  near  a  counterpart  of  what  is  found  further  East,  as  could 
well  be  expected  considering  the  distances  of  the  places  and  the  very 
different  cliannels  through  which  the  description  reaches  us. 

From  Scandinavia  the  faith  seems  to  have  reached  the  north-east 
coast  of  Scotland,  but  not  to  have  penetrated  south  of  the  Forth  in 
that  direction.  Its  traces  are  very  few  and  indistinct  south  of  the 
Tweed,  and  what  are  found  seem  to  havo  come  by  a  more  southern 
route  from  some  other  source.  Both  the  Welsh  and  the  Irish,  how- 
ever, have  many  traditions  of  Serpent-worship,  which,  if  treated 
reasonably,  might  throw  much  light  on  the  subject ;  but  oxcept  the 
legend  of  the  Virgin  Eeyna,  at  Stanton  Drew,  they  ore  at  present  all 
of  the  vaguost  form. 

Leaving  theso  indistinct  traces  to  fade  into  tho  western  ocean,  the 
speaker  next  pointed  to  Africa  as  tho  great  centre  of  Trco  and  Serpent 
worship  of  the  present  day.  Tho  faith  of  tho  kingdom  of  Dahomey, 
on  the  Gold  Coast,  is  essentially  tho  adoration  of  Trees  and  Ser- 
pents, accompanied  by  ancestral  worship  and  human  sacrifices,  and 
female  soldiers.  In  fact,  Africa  preserves  in  full  vigour  and  per- 
fection at  tho  present  day  all  those  characteristics  which  wo  see  only 
dimly  reflected  in  tho  myths  of  other  nations. 

In  the  new  world,  too,  the  worship  of  tho  Serpent — apparently  there 
connected  with  that  of  the  sun — certainly  prevailed  extensively  before 
that  continent  was  discovered  by  Columbus  ;  and  with  forms  so  liko 
many  of  those  found  in  Asia  that  frequent  attempts  have  been  made 
to  prove  that  what  we  find  there  is  a  form  of  Buddhism.  This  cannot, 
however,  be  sustained ;  but  it  certainly  appears  to  be  a  form  of  that 
primaeval  faith  on  which  Buddhism  was  based  and  out  of  which  it 
arose  in  India. 

In  conclusion,  the  speaker  pointed  to  certain  forms  of  Dolmens, 
stone  circles,  menhirs,  and  such  like  rude  stone  monuments,  found 
in  India,  identical  in  form  and  purposo  with  those  found  in  Africa,  in 
Brittany,  and  nearly  all  over  the  world  wherever  a  Turanian  people 
can  bo  traced.     These  aro  not  necessarily  old,  though  somo  of  them 
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may  bo  of  any  ago  :  others  were  certainly  erected  in  India  within  the 
limits  of  this  century,  and  are  indistinguishable  from  the  older  ex- 
amples ;  showing  how  persistent  certain  forms  of  faith  are  when  once 
adopted  by  certain  races  of  mankind.  Among  these  the  Turanians  are 
certainly  the  most  instinctive  and  least  progressive  of  any. 

It  is  this  last  fact  which  gives  unity  while  it  adds  interest  to  the 
whole  subject.  In  Tree  and  Serpent  worship  we  have  the  oldest 
known  form  of  faith  and  belonging  to  the  most  ancient  people  of 
whoso  existence  we  have  any  knowledge.  It  is  now  found  generally 
in  a  nearly  fossil  state  underlying  the  Semitic  and  Aryan  strata 
which  have  been  superimposed  upon  it.  Occasionally,  however,  it 
crops  up  in  out-of-the-way  corners  of  the  world,  fresh  and  vigorous, 
and  tells  a  strange  tale  of  the  pc  rsistent  unchangeableness  of  certain 
races  of  mankind  and  still  more  strange  irradicability  of  certain  forms 
of  superstitious  faith. 

[J.  F.] 
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William  Robert  Grove,  Esq.  M.A.  Q.C.  F.R.S.  Vice-President, 

in  the  Chair. 

Col.  W.  F.  D.  Jervois,  R.E.  C.B. 

On  (he  Coast  Defences  of  England. 

In  bringing  to  your  notice  the  subject  for  our  consideration  this 
evening,- 1  will  first  briefly  refer  to  the  coast  defences  of  former  times, 
and  then  endeavour  to  explain  the  principles  of  defence  which  are 
being  adopted  in  this  country  at  the  present  day. 

In  the  earlier  periods  of  English  history  our  Anglo-Saxon  fore- 
fathers were  exposed  to  the  frequent  predatory  incursions  of  the 
Northmen  and  the  Danes,  who,  starting  from  the  shores  of  Norway 
and  Denmark,  sailed  round  the  coasts  of  England,  ascended  the 
navigable  rivers,  ravaged  and  laid  waste  the  surrounding  country,  and 
then  returned  with  their  booty  to  their  ships;  and  during  the  fre- 
quent wars  waged  by  our  Norman  and  Plantagenet  kings  with  the 
sovereigns  of  France,  the  shores  of  England  were  subject  to  attacks 
by  the  French,  which  differed  but  little  in  character  from  the  pre- 
datory incursions  of  the  Northmen. 

The  precautions  taken  by  our  ancestors  to  guard  against  such 
attacks  are  thus  described  by  Iloliushcd : — "  The  enstome  of  the  coun- 
tries adioining  neere  to  the  sea  is,  especiallie  in  time  of  warre,  on  euerie 
hill  or  high  place  to  erect  a  beacon,  with  a  great  lanterne  on  the  top, 
which  may  be  seen  and  discerned  a  great  space  off,  and  when  the  noise 
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is  once  bruted  that  the  enimies  approch  neere  the  land,  they  suddenlio 
put  fire  in  the  lanterne,  and  make  shouts  and  outcries  from  towne  to 
towne  and  from  village  to  village.  Some  run  in  post  from  place  to 
place,  admonishing  the  people  to  be  readie  to  resist  the  jeopardie  and 
defend  the  perill.  And  by  this  policie  the  fame  is  soon  blowne  to 
euerie  citie  and  towne,  insomuch  that  as  well  the  citizens  as  the 
rurall  people  be  in  short  space  assembled  and  armed  to  repell  and 
put  backe  the  newly  arrived  enimies." 

But  though  these  precautions  sufficed  to  repel  small  predatory 
attacks,  they  were  incapable  of  resisting  anything  like  a  national 
invasion ;  and  the  attacks  of  our  foreign  enemies  wore  generally 
successful  whenever  they  were  made  upon  a  sufficient  scale.  For 
instance,  Dover  was  taken  and  partly  burnt  by  the  French  under 
Montmorenci  in  1296 ;  and  in  1339  the  same  nation  took  and  sacked 
Portsmouth  in  retaliation  for  the  English  attack  upon  Boulogne. 
In  the  following  year  the  French  ravaged  all  the  southern  coasts  of 
England  during  the  absence  of  Edward  III.  in  Flanders,  destroyed 
several  ships  at  Hastings,  reduced  the  greater  part  of  the  town  of 
Southampton  to  ashes,  and  burnt  Plymouth  nearly  to  the  ground.  In 
1377,  the  French  attacked  the  town  of  Bye  and  the  Isle  of  Wight,  and 
made  great  havoc  at  Hastings,  Portsmouth,  Dartmouth,  and  Plymouth ; 
and  three  years  later  they  pillaged  Winchelsea,  and  several  other 
towns.  In  1405,  a  large  French  force  was  landed  at  Milford  Haven, 
and  before  the  army  sent  by  our  Henry  IV.  could  reach  the  spot,  the 
French  had  plundered  Carmarthen  and  some  other  towns,  and  had 
safely  regained  their  ships. 

Fortunately,  however,  the  progress  of  civilization  has  introduced 
better  usages  into  the  practice  of  modern  war,  and  it  is  not  necessary 
now  to  provide  against  such  plundering  expeditions.  In  fact,  the 
length  of  our  coast  is  for  too  great,  and  the  accessible  points  are  far 
too  numerous,  to  render  it  possible  to  fortify  them  all.  When  wo 
speak  then  in  the  present  day  of  our  "  Coast  Defences,"  we  must  not 
be  understood  to  advocate  a  vain  attempt  to  secure  by  defensive  works 
every  vulnerable  point ;  we  mean  to  apply  the  term  only  to  the  means 
which  it  is  necessary  to  provide  for  the  protection  of  our  national 
dockyards  and  arsenals,  and  of  our  main  commercial  ports. 

We  aro  sometimes  told  that  tho  idea  of  fortifying  these  important 
points  of  our  coasts  is  u  un-English ; "  but  if  it  be  so,  we  ceased  to  bo 
English  some  330  years  ago,  when  extensive  fortifications  were  erected 
along  our  coasts  by  King  Henry  VIII.  During  tho  first  years  of 
that  monarch's  reign,  his  attention  was  attracted  to  the  facility  with 
which  the  French  effected  some  landings  on  the  coasts  of  Sussex.  He 
had  also  been  struck  by  tho  success  of  the  French  in  their  campaigns 
on  the  Continent  in  the  fifteenth  century,  when  their  superiority  in 
artillery  turned  tho  tide  in  their  favour ;  and  at  a  later  period,  when 
he  had  quarrelled  with  tho  Pope,  he  received  information  that  the 
Roman  Pontiff,  at  the  instigation,  as  wo  read,  "of  Cardinall  Pole, 
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Lad  moued  and  stirred  divers  great  princes  and  potentates  of  Christen- 
dome  to  invade  the  realmc  of  England."  Thereon  King  Henry  gave 
his  anxious  consideration  to  the  question  how  best  to  fortify  the  most 
important  points  of  the  coast ;  and  tho  steps  he  took  for  that  purpose 
were  such  as  might  have  been  expected  from  his  energetic  character. 
Ho  himself  rode  to  inspect  a  considerable  portion  of  tho  coast,  sent 
his  counsellors  to  survey  all  the  ports  and  exposed  places,  caused  forts 
and  bulwarks  to  be  erected,  ordered  general  musters  to  bo  made,  and 
armour  and  weapons  to  be  "  seen  and  viewed." 

Lord  Herbert  of  Chorbury,  in  his  life  of  Henry  VIII.,  tolls  us 
that  "  all  these  preparations  being  made  against  a  danger  which  was 
believed  imminent,  seemed  so  to  excuse  tho  King  suppressing  of  the 
abbeys,  as  the  peoplo  (willing  to  spare  their  own  purses)  began  to  suffer 
it  easily :  especially  when  they  saw  order  taken  for  building  divers 
forte  and  bulwarks  on  the  sea  coasts." 

In  tho  State  Papers,  I  find  an  interesting  letter  from  Sir  Antony 
Knyvet  to  tho  king,  dated  October,  1541,  highly  extolling  the  new 
fortress  at  Portsmouth,  then  recently  erected ;  and  begging  the  king 
to  take  an  early  opportunity  of  inspecting  the  plans  of  that  great 
work  ;  thus  indicating  that.  King  Henry  took  a  personal  interest  even 
in  the  details  of  his  fortifications.  The  king's  attention  had  previously 
been  strongly  drawn  to  tho  progress  in  the  science  of  artillery.  Mr. 
Fronde,  in  his  '  History  of  England/  observes  that  Henry  VIET,  was 
one  of  the  first  men  to  foresee  and  value  the  powor  of  artillery ;  he 
tells  us  that  Sebastiniani  mentions  experiments  in  tho  range  of  guns 
which  were  mado  by  the  king  in  Southampton  Water ;  and  he  adds 
that  "  when  tho  history  of  artillery  is  written,  the  labours  of 
Henry  VIII.  in  that  department  must  not  be  forgotten." 

During  the  reigns  of  Edward  VI.  and  of  Mary  the  subject  of 
coast  defence  was  almost  entirely  lost  sight  of.  Not  only  was  nothing 
done  to  extend,  but  scarcely  anything  was  done  to  maintain  the  works 
constructed  by  King  Henry.  It  was  not  until  Queen  Elizabeth  came 
to  tho  throne  that  public  attention  was  again  directed  to  the  question. 

At  this  timo  CI 559)  England  being  actually  at  war  with  the 
second  power  in  tho  world,  tho  whole  naval  force  in  commission 
amounted  to  seven  coastguard  vessols  —the  largest  of  which  was  only 
of  120  tons— and  of  eight  small  merchant  ships  altered  for  fighting. 
Of  ships  in  harbour  fit  for  service  there  wero  but  nine,  of  from  200  to 
800  tons,  with  twelve  sloops  and  boats.  In  artillery,  tho  destitution 
was  even  more  pitiable.  Of  cannon  (48-pounders)  and  "domi-cannon" 
(24-pounders),  in  all  tho  dockyards,  there  were  but  thirty  which 
were  reported  sound,  with  200  culverins  (12-pounders^,  minions 
(3-pounders),  and  falconets.  As  for  the  troops,  a  certain  Captain 
Turner,  who  was  sent  to  command  at  Portsmouth,  where  he  was  in 
daily  expectation  of  a  visit  from  tho  French,  reported  to  Cecil  "  that 
they  were  all  grown  to  misorder  and  mischief,  and  to  the  greatest 
ill  that  man's  head  could  imagine." 
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There  is  a  quaint  letter  written  in  1587  by  Lord  Sussex  to  the 
Council,  in  which  he  complains  among  other  things  that  the  platform 
of  the  round  tower  at  Portsmouth  was  so  old  and  rotten  that  on  the 
day  of  Her  Majesty's  coronation  ho  "  durst  not  shoot  off  the  piece," 
The  forts  at  Gravesend  and  Tilbury  were  in  no  better  plight;  for 
we  find  in  a  letter  from  Walsingham  to  Leicester,  dated  July,  1588 
(the  Armada  almost  in  sight),  that  at  Tilbury  and  Gravesend  he 
could  not  find  a  single  platform  on  the  ground  or  aloft  that  was  lit  to 
bear  any  "  ordinance," 

The  country  was,  however,  now  aroused  to  a  conviction  of  the 
necessity  for  taking  active  steps  towards  improving  the  stato  of  the 
defences,  and  we  now  hear  for  the  first  time  of  a  system  of  batteries 
for  the  defence  of  the  Medway,  and,  a  few  years  later,  of  permanent 
fortifications  at  Milford  Haven.  Orders  were  also  given  for  the  repair 
and  arming  of  minor  works  at  Eye,  Eastbourne,  Hastings,  &c. 

It  would  take  too  much  of  your  time  to  dwell  upon  the  measures 
for  the  minor  improvement  of  our  defences  which  were  undertaken 
during  the  succeeding  reigns ;  and  I  will  pass  on  to  the  year  1606, 
when  there  was  war  with  France,  Denmark,  and  Holland,  and  when 
the  House  of  Commons,  to  quote  the  words  of  Macaulay,  "  readily 
voted  sums  unexampled  in  our  history  "  towards  putting  the  country 
into  a  state  of  defence.  This  period  appears  especially  interesting,  as 
showing  the  course  pursued  when  our  fleet,  as  Macaulay  describes  it, 
existed  only  upon  paper,  and  when  our  enemies  had  the  command  of 
the  sea. 

The  chief  engineer  of  this  time,  Sir  Bernard  de  Com  me,  was  a  man 
well  fitted  for  such  an  emergency,  and  under  his  superintendence 
every  effort  was  made  to  place  the  country  in  a  state  of  defence. 

At  Portsmouth,  the  old  mud  walls  which  had  been  constructed 
by  King  Henry  VIII.  had  fallen  into  decay,  and  new  lines  were 
ordered  and  executed.  The  chief  portion  of  the  work,  which  is 
substantially  the  same  as  is  now  known  as  Portsmouth  Lines,  was 
completed  in  July,  1667.  The  lines  of  Gosport,  which  formerly  only 
enclosed  the  town  of  Gosport  itself,  though  designed  and  actually 
commenced  at  this  time,  were  not  completed  for  many  years  after. 
The  fortifications  of  the  Isle  of  Wight  were  jealously  examined, 
and  by  the  strenuous  exertions  of  all  concerned,  the  whole  position 
was  put  into  so  excellent  a  state  of  defence,  that  we  find  by  inter- 
cepted letters  from  the  Dutch  Admirals  De  Ituytcr  and  Do  Witt, 
dated  July,  1667 — mark  this — that  they  wero  detorred  by  the  strength 
of  Portsmouth  and  the  Island  from  making  their  intended  attack. 
At  Plymouth  the  citadel  on  the  Hoe  was  built,  and  at  Dover,  Wey- 
mouth, Dartmouth,  and  the  Scilly  Isles  the  fortifications  were  also 
strengthened.  Shcerness  was  fortified  now,  and  Pepys  in  his  diary 
tells  us  that  the  king  and  the  Duke  of  York  wont  to  Sheerness  to  see 
the  ground  which  Sir  Bornard  de  Gommo  had  stakod  out  for  tho  new 
fort  there.     Tho  works,  however,  were  not  completed  soon  enough  to 
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prevent  its  gnns  being  captured  by  the  Dutch  fleet  under  Admiral 
Ruyter  in  1667,  as  they  swept  up  the  Medway  to  Chatham.  The 
defences  of  Gravesend,  Tilbury,  and  Woolwich,  were  also  strengthened, 
and  the  city  of  London  granted  a  loan  of  10,000Z.  for  building  fortifi- 
cations on  the  Thames  and  Medway.  The  castles  of  Deal,  Walmer, 
and  Sandown  had  turf  laid  on  their  walls,  but  it  is  written  of  Sandwich 
that  "  the  chief  magistrates  there  kept  to  their  old  trade  of  disagreeing, 
and  have  left  off  fortifying  themselves." 

Along  the  east  coast  too,  the  indefatigable  Sir  Bernard  found 
scope  for  his  energies,  and  at  Harwich  works  were  constructed  by 
him,  which  repulsed  the  attack  of  the  Dutch  fleet  in  July,  1667.  In 
the  north,  fortifications  were  either  erected  or  repaired  at  Tynemouth, 
Scarborough,  Bridlington  Quay,  and  Hull. 

Doubtless  at  other  places  works  wore  erected  or  strengthened  at 
this  juncture ;  but  the  foregoing  are  the  principal  that  were  executed 
up  to  the  date  of  the  peace  which  was  concluded  between  England 
and  her  foreign  enemies  in  the  autumn  of  1667. 

Nothing  further  appears  to  have  been  undertaken  in  the  construc- 
tion of  coast  defences  until  the  middle  of  the  reign  of  Queen  Anne, 
when  an  invasion  of  England  was  projected  by  the  King  of  France 
on  behalf  of  the  Pretender.  This  project  received  both  the  pecuniary 
help  and  the  prayers  of  the  Pope  ;  and  great  preparations  were  made 
for  the  extension  of  our  fortifications,  so  far  as  the  purchase  of  the 
necessary  lands  is  concerned.  Large  quantities  were  taken  under 
acts  of  Parliament,  at  Portsmouth  (for  the  Portsea  Lines,  &c.),  at 
Harwich,  and  at  Chatham;  but  with  the  exception  of  one  fort  at 
Portsmouth,  I  do  not  find  that  works  were  commenced  at  any  of  these 
places  until  nearly  fifty  years  afterwards. 

The  next  works  of  importance  were  constructed  during  the  reign 
of  Goorgo  II. — viz.,  the  linos  at  Chatham  and  Devonport,  which  were 
commenced  towards  the  end  of  the  reign  of  that  monarch.  An 
extension  of  the  fortifications  at  Gosport,  batterios  on  the  South- 
sea  shore,  and  a  small  work  since  replaced  by  Fort  Cumberland, 
were  erected  at  about  the  same  time.  Batteries  were  also  ordered  on 
sundry  points  in  Milford  Haven,  and  at  several  points  along  the  south 
coast;  the  cause  for  all  these  preparations  being,  as  cited  in  the 
preamble  of  the  Act  31  Geo.  II.,  cap.  39,  "  the  unjust  and  hostile 
invasion  made  on  His  Majesty's  dominions  in  America  and  the 
Mediterranean,  and  great  preparations  made  in  France  for  invading 
these  realms." 

Towards  the  middle  of  the  reign  of  George  III.,  when  the  Duke 
of  Richmond  was  Master-General  of  the  Ordnance,  and  during  the 
French  Revolutionary  War,  still  further  additions  were  made  to  our 
coast  defences.  At  Portsmouth,  Portsea  Linos  were  built,  Fort  Cum- 
berland was  entirely  reconstructed,  the  old  Hilsea  Lines  were  thrown 
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up,  and  the  western  defences  were  extended  by  the  construction  of 
Fort  Monckton  ;  a  few  batteries  were  also  erected  for  the  defence  of 
Stokes  Bay.  About  this  time,  also,  Sheerness  Lines  were  constructed, 
and  the  works  at  Dover  were  largely  added  to.  Numerous  small 
earthworks  were  also  built  at  this  juncture  at  various  parts  of  the 
English  coast ;  but  they  were  allowed  to  fall  into  decay  after  the  war. 
At  Plymouth,  large  quantities  of  land  were  acquired  at  various  parts 
in  the  vicinity  of  the  town  and  dock  for  the  erection  of  Devonport 
Lines  ;  and  amongst  other  works  which  wore  now  constructed  was  the 
line  of  redoubts  and  barracks  which  occupy  the  position  known  as  the 
Maker  Heights.  Pitt  (who  took  a  great  interest  personally  in  these 
questions)  intended  to  have  erected  a  citadel  on  Maker  Heights ; 
but  he  was  defeated  by  a  majority  of  one  (the  Speaker's  casting  vote) 
in  a  proposal  for  the  further  extension  of  our  fortifications  at  Ports- 
mouth and  Plymouth. 

After  this,  for  half  a  century,  wo  acted  like  the  magistrates  of 
Sandwich,  and  "left  off  fortifying  ourselves."  Men  indulged  in 
dreams  of  universal  peace,  which  were,  however,  rudely  dispelled  by 
the  great  Crimean  war. 

Now  we  come  to  the  efforts  of  the  present  generation,  and  never 
has  there  been  a  time  when  it  has  been  so  difficult  to  deal  with  ques- 
tions of  defence. 

The  introduction  of  steam,  of  rifled  guns,  then  of  iron-clad  ships, 
which  rendered  necessary  the  construction  of  artillery  of  enormous 
power ;  these  are  the  conditions  with  which  wo  have  had  to  deal 
during  the  last  few  years,  and  it  may  be  confidently  asserted  we  are 
second  to  no  other  nation,  if  we  are  not  superior  to  all,  as  regards  the 
steps  taken  to  meet  present  requirements,  in  every  department  of  coast 
defence. 


I  will  now  proceed  to  consider  the  principles  which  should  guide 
us  in  the  defenco  of  this  country  in  the  present  day. 

Since  the  periods  of  which  I  have  been  speaking,  the  British 
empire  has  been  greatly  extended,  and  the  demands  upon  our  resources 
have  become  proportionably  enlarged.  For  the  general  defence  of  so 
vast  an  empire,  we  must  first  of  all  and  mainly  depend  upon  our 
seagoing  fleet.  It  is  to  the  fleet  we  must  look  for  our  first  line  of 
defence  against  invasion  of  this  country,  to  maintain  our  communica- 
tions with  our  foreign  possessions,  and  to  protect  our  commerce  and 
our  interests  generally  both  at  home  and  abroad. 

But  the  bases  on  which  our  naval  power  must  rest  are  the  ports, 
dockyards,  and  arsenals,  in  which  our  fleets  and  squadrons  are  har- 
boured, coaled,  and  refitted.  Thus  wo  have  naval  establishments  at 
Portsmouth,  Plymouth,  Chatham,  and  Pembroke,  at  home;  at  Ber- 
muda, Malta,  Gibraltar,  and  several  other  places  abroad.  These 
places  aro  the  roots  from  which  our  naval  power  springs,  and  they 
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require  special  protection  against  attacks  that  may  be  made  upon 
them,  during  the  absence  of  our  fleet,  either  by  hostile  naval  forces 
alone,  or  by  combined  naval  and  military  expeditions. 

If  our  navy  could  be  kept  up  in  sufficient  strength  to  meet  the 
navies  of  other  nations  at  all  points  where  hostile  fleets  or  cruisers 
might  attack  us,  questions  about  attack  upon  these  naval  arsenals 
would  be  disposed  of.* 

Very  little  reflection  and  calculation,  however,  are  necessary  to 
show  that  the  resources  even  of  this  country,  whether  in  money  or  in 
seamen,  would  not  admit  of  our  maintaining  such  enormous  naval 
moans  as  would,  of  themselves,  suffice  to  defend  these  sources  of  our 
naval  strength,  and  at  the  same  time  to  protect  our  commerce,  or  to 
prevent  an  enemy  from  either  landing  on  our  shores  or  attacking  our 
widely  scattered  commercial  ports,  whether  at  home  or  abroad. 

Even  if  it  were  possiblo  that  a  fleet  sufficient  to  fulfil  all  these 
duties  could  be  maintained,  such  an  application  of  the  resources  of 
the  nation  would  lead  to  an  expenditure  of  public  money  far  exceed- 
ing that  which  would  suffice  for  the  defence  of  the  country  with  the 
aid  of  other  means.  The  first  cost  of  such  a  navy  would  be  enor- 
mous, and  would  have  to  be  ropeated  every  twenty  or  thirty  years,  and 
the  expense  for  maintenance  would  be  great  and  continual. 

Further,  if  the  several  sections  of  our  navy  wero  employed  for  the 
protection  of  the  arsenals  whence  they  are  maintained,  we  should  be 
using  the  fleet  to  maintain  the  dockyards  instead  of  the  dockyards  to 
maintain  the  fleet ;  and  each  of  the  sections  of  our  navy  thus  scattered 
over  the  world  would  be  liable  to  be  overpowered  by  the  concentrated 
forces  of  the  enemy. 

Other  defences  besides  the  navy  are,  therefore,  essential  for  these 
nurseries  of  the  fleet. 

First,  to  consider  tho  moans  which  should  be  applied  for  the 
defence  of  these  places  against  naval  attack. 

These  are,  big  guns  above  water,  and  big  mines  below  water,  placed,  of 
course,  at  the  proper  distance  in  advance  of  the  object  to  be  protected. 

Booms  of  timber,  rafts,  chains,  or  nets,  might  also  be  used  for 
obstructing  channels ;  but  the  attention  that  has  been  given  during  the 
last  few  years  to  the  application  of  submarine  mines  has  rendered 
these  passive  obstructions  of  minor  importance. 

To  proceed  then  to  consider  active  obstructions,  or  mines  below 
water — 

These  are  new,  in  mest  cases,  necessary  to  obstruct  the  passage  of 
ships,  and  to  keep  them  under  the  fire  of  the  guns  above  water,  and 
have  become  of  especial  importance  since  iron  armour  has  been 


*  Many  of  tho  arguments  adduced  in  this  and  the  following  paragraph  are 
repeated  from  a  lecture  given  by  me  at  the  United  Service  Institution  in  June, 
1868.— W.  F.  D.  J. 
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applied  to  the  sides  of  ships,  and  thus  these  vessels  of  war  have  become 
most  vulnerable  at  their  bottom. 

Thero  are  two  classes  of  these  mines — one,  exploded  by  mechanical 
contrivances,  the  other  exploded  by  electricity. 

Those  exploded  by  mechanical  means  should  be  of  a  size  to  con- 
tain about  150  lbs.  of  powder.  They  are  much  less  costly  than  the 
others,  and  can  be  placed  in  position  more  expeditiously  ;  tliey  could 
moreover  be  applied  in  any  number,  but  they  are  inapplicable  in 
positions  where  it  is  necessary  to  keep  the  channel  open  to  friendly 
vessels. 

In  such  cases,  electric  torpedoes  must  be  used.  These  admit  of  a 
friendly  vessel  passing  over  them  in  safety,  and  of  a  ship  in  chase 
being  sunk  by  the  completion  of  the  electric  circuit 

Their  charges  would  be  about  1000  lbs.  of  gunpowder,  or  about 
400  lbs.  of  gun-cotton,  and  would  ensure  the  destruction  of  a  ship  by 
their  explosion,  not  merely  when  immediately  over  them,  but  if  even 
any  portion  of  her  were  within  forty  or  fifty  yards  of  their  position. 

It  used  to  be  the  fashion,  even  amongst  professional  men,  in  this 
country,  to  consider  this  mode  of  defence  as  being  incapable  of  prac- 
tical application ;  but  of  late  years  a  very  different  opinion  has 
prevailed,  and  the  effective  application  of  submarine  mines,  used  in 
conjunction  with  forts  and  floating-batteries,  is  of  immense  importance, 
not  only  in  connection  with  fortifications,  for  the  defence  of  our  great 
naval  stations,  but  also  for  our  minor  ports,  and  for  the  protection  of 
all  places  on  the  seaboard. 

Foreseeing  the  important  port  that  submarine  mines  would  play 
in  coast  defences,  I  had  the  honour  of  proposing  to  Lord  de  Grey,  in 
1862,  that  a  special  committee  should  be  appointed  to  consider  and 
report  upon  the  question  of  their  application  to  defence  of  harbours. 

Lord  de  Grey  at  once  recognized  the  importance  of  such  an  in- 
quiry, and  appointed  a  committee,  which,  after  prolonged  investiga- 
tion and  experiment,  has  made  a  most  valuable  and  interesting  report 
upon  the  subject. 

We  are  now  in  a  position  to  apply  this  system  of  defence  to  any 
extent  that  may  be  required  for  the  protection  of  our  harbours  and 
other  points  upon  our  coasts  ;  and  we  are  much  indebted  to  the  com- 
mittee for  tho  thoroughly  practical  results  which  we  are  now  enabled 
to  attain  in  this  important  and  inexpensive  element  of  national  do- 
fence. 

The  question  is  sometimes  asked, — Whether  the  application  of 
submarine  mines  will  not  render  unnecessary  tho  employment  of  forts 
and  batteries  for  defence  against  naval  attack  ? 

Forts  and  batteries,  however,  are  still  required  in  all  important 
cases  to  cover  tho  torpedoes  and  prevent  their  being  tampered  with. 
It  must  also  bo  remembered  that  whilst  the  submarine  mine  is  harm- 
less unless  tho  ship  comes  near  it,  tho  shot  from  tho  battery  can  injure 
the  ship  whatever  may  be  her  position  within  effective  range. 
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Further,  although  probably  our  harbours  might  be  efficiently  ob- 
structed by  torpedoes  in  at  from  seven  to  fourteen  days'  notice,  yet  one 
condition  is  that  the  weather  should  be  sufficiently  favourable  to  allow 
them  to  be  exactly  laid.  There  are,  again,  certain  positions  where, 
even  if  the  torpedoes  are  laid,  they  might  be  disturbed  by  a  violent 
storm,  and,  possibly,  an  attack  on  the  positions  in  which  they  were  to 
serve  might  take  place  before  they  could  bo  renewed ;  and  though  the 
periods  of  the  year  at  which  these  difficulties  might  arise  are  shoit, 
yet  the  bare  possibility  of  interference  in  the  application  of  a  complete 
torpedo  system  prevents  our  placing  entire  reliance  on  such  a  defence 
for  the  protection  of  places  on  which  the  warlike  power  of  the  nation, 
both  for  offence  and  defence,  must  in  a  great  measure  depend.  There- 
fore, although  submarine  mines  arc  a  most  important  element  in  the 
defence  of  our  harbours  and  coasts,  and  add  greatly  to  the  power  of 
our  forts  to  resist  a  naval  attack,  they  must  not  be  regarded  as  sub- 
stitutes for  permanent  works  of  defence  at  our  naval  arsenals  and 
harbours,  and  other  important  ports. 

To  proceed  now  to  consider  the  employment  of  big  guns  above 
water.  Thcso  with  all  the  numerous  accessories  for  their  service 
must  be  placed  in  positions  so  protected  and  arranged  as  to  give  them 
a  decided  superiority  over  the  artillery  of  assailing  ships. 

The  question  then  arises  whether  they  shall  be  placed  afloat  in 
strongly  protected  vessels,  t.  e.  in  floating-batteries ;  or  at  fixed  points 
either  on  land  or  on  shoals,  i.  e.  in  forts. 

It  is  often  said,  "  Why  don't  you  protect  your  ports  by  floating- 
batteries  alone?"  The  same  reasons,  however,  as  have  been  before 
adduced  against  the  employment  of  our  sea-going  navy,  prevent  our 
employing  special  floating-batteries  alone  for  this  object. 

Such  a  system  would  necessitate  our  maintaining  at  each  of  oar 
chief  ports  a  naval  squadron,  sufficiently  powerful  to  resist  the  attack 
of  the  superior  force  of  the  enemy.  Then  again  arise  the  questions, 
"What  is  a  sufficiently  powerful  force  to  maintain  at  each  point  for  this 
object;  what  would  be  its  first  cost;  in  how  many  years  will  it  be 
necessary  to  repeat  the  outlay  for  it ;  what  will  be  the  expense  of  its 
annual  maintenance  ?  " 

It  is  impossible  to  examine  these  questions  without  arriving  at 
the  conclusion  that  oven  if  our  resources  in  money  and  in  seamen 
rendered  it  practicable  to  maintain  such  a  force  in  addition  to  our 
sea-going  navy,  the  defence  of  our  ports  can  bo  effected  much  more 
efficiently  and  economically  with  the  aid  of  other  means. 

Irrespective,  however,  of  the  question  of  the  expense  of  providing 
for  coast  defence  by  floating-batteries  alone,  very  little  consideration 
is  requisite  to  understand  that  if  there  be  positions  on  land  from 
whence  an  effective  fire  can  be  brought  to  bear  on  the  channel, 
anchorage,  or  shore  to  be  defended,  there  is  no  object  in  placing  the 
guns  in  vessels  afloat. 

In  positions  such  as  I  have  referred  to,  there  cannot  be  any  object 
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in  substituting  an  unsteady  platform — on  which  the  amount  of  protec- 
tion that  can  be  afforded  is  limited  by  considerations  inherent  to 
floating  structures,  and  which  is  liable  to  be  taken  away  or  to  be  sunk 
— for  a  fixed  and  perfectly  steady  platform  on  shore,  which  can  be  fully 
protected,  either  against  its  fire  being  silenced,  or  from  capture  by  an 
enemy. 

In  cases,  however,  where  the  distance  between  forts  is  so  great 
that  the  intervening  space  cannot  be  properly  commanded  by  their 
fire,  or  where  it  may  be  necessary  to  have  advanced  batteries  of 
artillery  at  a  distance  from  the  shore,  and  where  foundations  for 
fixed  works  cannot  be  obtained  without  expense  and  difficulty  dis- 
proportioned  to  the  object,  it  becomes  necessary  to  employ  floating 
defences. 

In  short,  we  must,  in  each  case,  consider — 

1.  Whether  wo  can  provide  for  the  defence  by  forts  without  floating- 
batteries. 

2.  If  not,  to  what  extent  floating  defences  should  be  applied  in 
conjunction  with  forts.     And 

3.  Whether  the  circumstances  are  such  as  to  render  it  advisable 
to  employ  floating-batteries  in  substitution  of  forts. 

The  question  is  not  one,  as  it  is  often  put,  of  "  floating-batteries 
versus  forts/'  There  is  no  "  versus"  in  the  matter.  Both  are  required 
in  their  proper  places. 

The  question  of  the  kind  of  floating-battery  to  be  employed  for 
harbour  defence  has  from  tiino  to  time  been  much  discussed. 

Ten  years  ago,  at  my  suggestion,  a  committee  was  appointed  by 
General  Peel  to  consider  the  subject.  Admiral  Cooper  Key,  Colonel 
Wibnot,  R.A.,  and  myself  were  the  members  of  this  committee.  Wo 
then  recommended  the  employment  for  harbour  defence  of  small 
vessels,  each  carrying  a  fixed  iron  tower  for  four  guns,  and  provided 
with  eight  ports.  It  is  curious  how  nearly  this  vessel  approached  the 
*  Monitor '  type  first  used  in  the  memorable  fight  at  the  mouth  of  the 
James  river,  in  America,  with  the  '  Mcrrimac,'  in  1862.  I  believe  it 
is  generally  admitted  that  the  * Monitor '  class  of  vessel  is  the  best 
kind  of  armour-clad  floating-battery  for  coast  defence ;  but  amidst  the 
many  projects  for  floating  structures  for  defence  now  advocated,  it 
would  be  presumptuous  for  me  to  give  any  decided  opinion  on  this 
subject  In  some  cases  iron-clad '  Monitors,'  supplemented  by  a  mos- 
quito squadron  of  gun-boats,  might  bo  employed,  and,  to  oppose 
nnarmourod  cruisers  or  privateers  to  the  attacks  of  which  alone  the 
less  important  harbours  would  be  liable,  small  gun-boats  of  light 
draught  in  conjunction  with  submarine  mines  would  alono  suffice. 
I  tako  this  opportunity  of  showing  a  model  of  a  small  gun-boat  for 
one  gun,  proposed  by  Mr.  Hcndlo,  of  tho  Elswick  Ordnance  Company, 
in  consultation  with  Admiral  Cooper  Key,  which  appears  admirably 
well  adapted  for  the  small  class  of  vessels  for  harbour  defence. 
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I  now  pass  on  to  consider  the  defence  of  our  great  naval  arsenals, 
in  the  event  of  an  enemy  obtaining  a  footing  on  our  shores. 

Wo  maintain  a  large  military  force  of  regulars,  reserves,  militia, 
and  volunteers,  and  thereby  admit  the  possibility  of  a  campaign  taking 
place  in  this  country. 

The  landing  of  a  hostile  army  on  our  coasts  must  l)e  admitted  to  be 
a  difficult  operation ;  but  it  would,  to  say  the  least,  be  very  unwise  if 
we  were  to  conclude  that  invasion  is  impossible  because  it  is  difficult. 

It  must  be  assumed  that  the  main  object  of  an  enemy  in  an  inva- 
sion would  be  to  get  to  London ;  for  by  doing  so  he  would  not  only 
occupy  the  commercial  heart  of  the  ompire  and  the  seat  of  govern- 
ment, but  the  main  military  arsenal  of  the  empire  at  Woolwich  would 
also  fall  into  his  hands. 

Supposing  him  to  have  obtained  a  footing  on  shore,  and  to  be 
advancing  on  London,  wo  interpose  between  him  and  his  object  the 
regular  army,  in  conjunction  with  the  armed  and  organized  manhood 
of  the  country,  more  or  less  disciplined,  and  aided  by  such  temporary 
defences  as  could  be  thrown  up  at  the  time  of  expected  attack.  But 
as  the  best  disciplined  and  the  greater  part  of  our  military  forces 
must  be  employed  to  cover  the  capital,  we  must  arrange  our  plan  of 
defence  so  that  as  few  disciplined  troops  as  possible  may  be  necessary 
for  the  defence  of  other  points  in  the  country  which  must  be  defended, 
but  which  cannot  be  covered  by  the  operations  of  the  main  army. 

Portsmouth  and  Plymouth,  for  instance,  are  therefore  defended  on 
the  land  side  by  the  aid  of  fortifications  which  will  enable  a  compara- 
tively small  number  of  partially  disciplined  forces,  with  the  aid  of  a 
few  regular  troops,  to  protect  those  places  against  capture  or  bombard- 
ment, whilst  the  main  army  would  be  employed  in  the  defence  of 
London  and  Woolwich. 

A  mistako  is  commonly  made  that  because  the  places  I  refer  to  are 
fortified,  the  garrisons  of  thoso  places  must  be  largely  increased.  Tho 
case  is  precisely  tho  reverse.  Even  if  all  the  outer  line  of  forts  to 
landward  at  either  Portsmouth  or  Plymouth  were  fully  manned  at  the 
same  time  (which  would  be  quite  unnecessary,  not  more  than  one-half 
need  be  fully  manned  at  the  same  time),  only  between  6000  and  7000 
men  would  be  required  for  the  purpose  at  each  place  respectively,  and 
only  a  very  small  portion  of  these  need  be  regular  troops.  The 
remainder  of  the  garrisons  would  consist  of  a  movable  force,  which 
in  any  case  we  must  have  for  the  defence  of  these  places,  but  which  in 
tho  absence  of  the  forts  must  be  of  sufficient  strength  and  sufficiently 
disciplined  to  meet  the  enemy  in  the  open  field,  whilst  with  the  forts  it 
may  be  comparatively  small  in  number,  and  only  disciplined  to  take 
up  a  fighting  position,  under  the  support  of  the  works,  as  that  part  of 
the  fortified  line  assailed. 

Unfortified,  an  enemy  would  only  have  to  detach  about  15,000  or 
20,000  men  from  the  main  invading  army  to  effect  in  a  few  days  the 
destruction  of  all  our  ships  and  naval  establishments  at  Portsmouth  ; 
fortified,  he  must  employ  an  army  of  at  least  three  times  that  number, 
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and  must  have  a  considerable  time  at  his  disposal  to  undertake  a 
regular  siege. 

Unfortified,  no  force  that,  in  the  case  referred  to,  we  could  afford 
for  the  garrisons  of  these  places  could  protect  either  against  the  attack 
of  15,000  regular  troops ;  fortified,  there  is  no  difficulty  in  providing 
the  numbers  and  description  of  troops  that  would  bo  capable  of  making 
a  good  defence  of  these  nurseries  of  the  navy. 

Unfortified,  they  at  once  fall  if  an  enemy  were  to  obtain  a  decisive 
victory  over  the  army  in  tho  field ;  fortified,  they  remain  •  in  our 
hands  even  under  such  untoward  circumstances,  and  thus  enablo  us 
to  avert  the  destruction  of  our  naval  power  at  a  period  when  all  tho 
resources  of  the  country  will  be  required  to  enable  us  to  retrieve 
tho  position  temporarily  lost. 

A  few  words  in  conclusion.  Wo  are  often  told  that  these  works  are 
unproductive,  and  so  in  one  sense  they  are ;  but  who  shall  say  what 
effect  permanent  measures  of  defence  may  have  upon  the  position  of 
this  nation  ?  I  verily  believe  they  tend  to  peace  and  to  the  develop- 
ment of  the  prosperity  of  England. 

But  we  ore  met  with  other  objections.  It  is  commonly  said  that 
there  is  no  use  in  constructing  permanent  fortifications,  because  the 
inventions  of  one  age  render  useless  tho  efforts  of  tho  previous 
generation.  History,  however,  does  not  support  this  statement.  At 
this  moment  we  are  turning  to  account,  and  with  good  effect,  works 
erected  by  Henry  VIII.  moro  than  threo  centuries  ago.  In  like 
manner,  works  constructed  in  tho  time  of  Charles  II.  and  in  the  reigns 
of  George  II.  and  George  III.  form  parts  of  tho  system  of  fortifica- 
tions we  ore  adopting  at  the  present  day. 

Then  we  are  told  that  these  measures  are  so  extravagant.  The  fact, 
however,  is  that,  by  the  aid  of  fortifications,  we  are  enabled  to  defend 
the  empire  with  fewer  troops  and  a  smaller  navy  than  would  otherwise 
be  necessary,  and  that  they  thus  tend  greatly  to  economy.  If  we  are 
to  moke  provision  for  defence  at  all,  it  is  only  by  tho  aid  of  forti- 
fications that  wo  con  have  an  economical  system  of  defence. 

They  say  then,  that  our  fortifications  "lock  up"  troops.  I  have 
shown  you  that,  on  the  contrary,  they  enablo  us  to  utilize  our  auxiliary 
forces  and  to  set  the  regular  army  free. 

But  again,  we  ore  told  that  we  ought  to  depend  upon  our  navy ; 
but  tho  main  purpose  of  the  fortifications  is  to  enable  the  navy  to  do 
its  duty  effectively.  The  navy  is  without  doubt  tho  arm  on  which 
wo  must  mainly  depend ;  but  that  is  no  reason  why  wo  should  tie  it 
down  to  our  side ! 

Lastly,  they  say,  "  An  enemy  won't  go  near  these  fortifications." 
My  reply  is,  that  that  is  tho  very  object  for  which  they  are  pro- 
vided. 

To  sum  up.  Tho  truth  is,  that  to  provide  an  efficiont  system  of 
defence  at  tho  least  cost  to  the  state,  the  sailor,  the  soldier,  and  the 
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military  engineer  most  each  occupy  bis  proper  place.  The  navy  and 
the  army  are  tbe  vital  principle  of  defence ;  and  fortified  arsenals  and 
harbours  are  the  centres  of  refuge  and  action  for  both.  Take  away 
fortifications,  and  you  are  unable  to  turn  your  auxiliary  forces  to 
proper  account ;  you  leave  an  army  insufficient  for  the  duties  it  has 
to  perform ;  a  navy,  scattered,  unsupported,  and  with  no  protected 
home. 

[W.  F.  D.  J.] 
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C.  Grevillb  Williams,  Esq.  F.R.S. 
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WEEKLY  EVENING  MEETING, 
Friday,  February  26,  1869. 

Sib  Hknry  Holland,  Bart.  M.D.  D.C.L.  F.H.S.  President, 

in  the  Chair. 

John  H.  Bridges,  M.A.  M.B. 

Oil  the  Influence  of  Civilization  upon  Health. 

Rousseau,  representing  the  metaphysical  and  absolute  spirit  of  the 
revolutionary  politicians  of  the  eighteenth  century,  maintained  that 
civilization  was  destructive  to  health  and  morals,  and  would  have  it 
altogether  swept  away.  The  positivo  sociologist  recognizing  that  the 
phenomena  with  which  he  deals,  like  all  others,  are  amenable  to 
natural  laws,  seeks  to  find  out  what  the  Law — the  natural  tendency  of 
modern  civilization — is,  and  how  it  may  be  modified  by  human  effort 
in  a  direction  favourable  to  the  moral  and  physical  development  of 
the  individual.  It  is  the  greatest  of  all  human  problems.  Leibnitz's 
maxim,  On  ne  doit  penser  essentiellement  qua  deux  choses,  dabord  la 
vertu  et  puis  la  sante,  may  be  token  as  the  text  of  this  discourse. 
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Health  may  be  defined  as,  The  greatest  energy  of  each  part  com- 
patible with  the  energy  of  the  whole ;  or  again,  more  simply,  as,  Being 
able  to  do  a  good  days  work  easily.  Energy  is  measurable  by  the 
amount  of  work  done.  Where  there  is  perfect  health  there  will  be 
the  greatest  economy  of  the  vital  energies ;  the  most  complete  synergy 
of  the  functions,  the  minimum  of  loss  from  antagonism,  or  from 
degradation  of  higher  into  lower  forms  of  force  Three  examples 
were  taken  by  the  speaker;  good  and  bad  digestion;  clumsy  and 
skilful  muscular  effort ;  uncontrolled  and  self-contained  emotion,  as 
shown  in  the  contrast  between  the  well-drilled  soldier  and  the  savage. 
In  the  imperfect  performance  of  each  of  these  three  functions  there  is 
waste  of  energy  ;  that  is,  ineffective  transformation  of  nervo-muscular 
into  calorific  or  somo  other  lowor  form  of  force. 

Again,  Health  may  be  defined  as  the  most  perfect  form  of  Life. 
Life  having  been  defined  by  Auguste  Comte  as  the  constant  adaptation 
of  organism  to  environment,  health  is  the  state  in  which  such  adapta- 
tion is  most  complete.  Healthy  respiration  implies  the  adaptation  of 
a  breathing  apparatus  hereditarily  vigorous  to  a  perfectly  pure  atmo- 
sphere. Healthy  vision  implies  a  sound  ocular  mechanism  adjusted 
to  appropriate  conditions  of  luminous  forces. 

Rising  from  the  Vegetal  and  the  Animal  phase  of  life  to  the  highest 
mode  peculiar  to  man,  the  Social  phase,  we  find  that  Social  Life 
depends,  like  the  others,  on  two  conditions :  a  brain  in  which  lies 
latent  the  hereditary  capacity  for  receiving  and  transmitting  the  long 
tradition  of  our  race,  its  emotions,  its  thoughts,  its  modes  of  action ; 
and  a  social  environment  supplying  the  appropriate  stimulus  which 
calls  these  latent  capacities  into  action.  The  environment  for  this 
phase  of  vitality  is  Humanity ;  that  is  to  say,  the  resultant  sum  of  all 
human  effort  throughout  the  immeasurable  past,  represented  more  or 
leas  perfectly  by  the  society  in  which  tho  lot  of  the  individual  may 
be  cast  The  function  of  the  human  brain,  as  transmitting  the  mutual 
reactions  of  Humanity  and  the  Individual,  has  been  compared  by  Comte 
to  the  function  of  the  placenta  with  the  mother  and  the  unborn  child. 

The  speaker  then  proceeded  to  point  out  the  influence  upon  the 
individual  of  different  social  environments.  In  order  to  render  the 
meaning  more  precise,  a  singlo  well-defined  instinct  was  chosen, 
the  desire  of  praise.  In  one  society  personal  bravery  might  bo  the 
object  of  the  highest  admiration ;  in  another,  it  might  bo  civic  duty ;  in 
others,  religious  asceticism.  Obviously  the  instinct  under  consideration 
would  in  these  three  societies  prompt  three  wholly  distinct  courses  of 
action ;  and  in  a  society  like  our  own,  which  had  ceased  to  be  warlike, 
which  was  too  overgrown  to  encourage  the  sense  of  citizenship,  and 
which  from  a  combination  of  causes  had  lost  its  religious  faith,  wealth, 
as  comprising  the  power  of  individual  enjoyment,  became  tho  object  of 
the  highest  admiration.  The  instinct  of  "approbativeness  "  thcrcforo 
would  in  such  a  society  prompt  tho  acquisition  of  wealth.  The  same 
analysis  would  hold  good  of  the  action  of  tho  othor  instincts.  In  a 
society  without  strong  religious  faith,  without  any  firm  binding  prin- 
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ciples,  and  endowed  with  new  and  extraordinary  powers  over  natural 
forces,  the  inevitable  result  is  immensely  rapid  accumulation,  accom- 
panied by  prodigal  expenditure,  of  wealth ;  with  small  regard  to  health, 
with  small  provision  for  tho  future  maintenance  of  the  vigour  of  the 
breed. 

The  speaker  then  proceeded  to  consider  some  of  the  principal  facts 
illustrating  the  morbid  condition  of  modern  industrial  life  : — 

1.  The  growth  of  great  towns  in  the  last  half  century. 

2.  The  influx  into  these  towns  from  country  districts. 

3.  The  mortality  of  infants. 

4.  The  mortality  of  adults  at  the  reproductive  ago. 

5.  The  condition  of  the  agricultural  population,  which  may  be 
regarded  as  the  reserve  stock  of  national  vitality  on  which  rapidly 
increasing  demands  arc  being  made. 

• 

With  regard  to  the  two  first  heads,  statistics  were  produced  show- 
ing that  in  1811  the  towns  above  10,000  inhabitants  contained  only 

24  per  cent,  of  the  population  ;  in  1861  they  contained  44  per  cent. 
In  1811  there  was  no  town  in  England,  except  London,  with  a  popula- 
tion above  100,000  ;  in  1861  there  were  twelve  such  towns,  containing 
one-quarter  of  the  people.  To  illustrate  the  extent  to  which  the 
increasing  population  of  London  was  fed  by  the  rural  districts,  it  was 
mentioned  that  out  of  eleven  persons  over  the  age  of  twenty  in  London, 
six  were  born  in  the  country. 

Statistics  and  charts  were  then  produced,  illustrating  infant  and 
adult  mortality.  Four  populations  were  compared  :  that  of  England 
as  a  whole ;  of  Liverpool ;  of  ten  cotton  manufacturing  towns  of 
Lancashire  and  Cheshire,  not  including  Manchester;  and  of  seven 
purely  agricultural  counties.  These  populations  wore  compared :  first, 
with  respect  to  their  rate  of  mortality  at  the  infantile  period ;  secondly, 
at  the  reproductive  period  ;  the  mortality  in  the  case  of  women  being 
examined  at  successive  periods  from  1 5  to  45  ;  in  the  case  of  men,  from 

25  to  55.  It  was  shown  that  in  both  periods  the  rate  of  mortality  in 
Liverpool  and  the  cotton  districts  was  far  above  the  rate  for  England 
at  corresponding  times  ;  that  of  the  agricultural  districts  far  below  it. 
Attention  was  also  called  to  the  fact,  that  in  towns  where  women  were 
largely  employed  in  factories,  their  mortality  relatively  to  men  of  the 
same  age  was  far  beyond  what  it  should  be,  taking  the  standard  of 
England  as  a  whole. 

The  question  was  started  whether  the  excessive  mortality  of  infants 
might  or  might  not  be  regarded  as  a  preservative  action  of  nature, 
sacrificing  the  unheal  thy  lives,  and  so  preserving  the  vigour  of  the 
breed.  It  was  also  considered,  whether  or  not  sanitary  measures,  by 
preserving  weak  lives,  might  not  in  some  measure  tend  to  deteriorate  the 
breed.  With  regard  to  the  latter  point,  the  speaker's  view  was  that 
unless  sanitary  measures  were  carried  much  farther  and  deeper  than  at 
present,  there  might  bo  some  such  danger.   And  meantime  he  brought 
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statistics  to  show  that  the  high  rate  of  mortality  in  infants  in  large 
towns  did  not  preserve  the  reproductive  portion  of  their  population 
from  similarly  high  rates. 

After  a  brief  allusion  to  the  unsatisfactory  condition  of  our  reserve 
stock  of  health,  the  agricultural  population,  the  speaker  then  pro- 
ceeded to  discuss  the  historical  causes  of  this  state  of  things.  He 
showed,  by  illustrations  from  the  vegetable  and  animal  kingdoms, 
that  tho  state  of  equilibrium  we  call  health  is  more  difficult,  yet  at  the 
same  time  more  perfect,  as  we  ascend  from  the  lower  organisms  to  the 
higher.  The  same  holds  true  of  primitive  and  barbarous  times  as 
compared  with  the  more  advanced  stages  of  civilization  Reference 
was  made  to  Captain  Cook  and  to  travellers  in  Central  Africa  to  prove 
the  remarkable  immunity  from  European  disease  enjoyed  by  savages. 
The  influence  of  an  organized  religion  in  controlling  social  action,  and 
its  bearings  upon  public  health,  were  then  considered,  and  were  illus- 
trated by  allusion  to  the  theocracies  of  Egypt,  Palestine,  and  India, 
to  the  military  polytheism  of  Greece  and  Homo,  and  to  mediaeval 
Catholicism.  The  two  causes  of  the  decline  of  Catholicism,  the  decay 
of  theology,  and  the  growth  of  science,  were  then  pointed  out,  and  it 
was  shown  how  both  these  causes  co-operated  in  producing  the  excep- 
tionally morbid  state  of  modern  industrial  England. 

The  question  then  remained,  By  what  methods  can  we  hope  to 
remedy  this  state  of  things  ? 

There  are  two  forces,  the  speaker  remarked,  available  for  the 
modification  of  natural  social  agencies  -  Capital,  and  scientifically 
trained  Intellect  If  asked,  therefore,  whore  lies  the  efficient  and 
radical  remedy  for  the  evils  we  deplore,  the  answer  would  be,  nowhere 
bat  in  a  moral  and  religious  change,  as  profound  as  that  of  the  first 
century  of  our  own  era  in  Western  Europe,  or  that  of  the  seventh  century 
in  the  East,  the  principal  result  of  which  will  be  to  concentrate  these 
two  forces  on  such  problems  as  have  here  been  discussed.  The  present 
attitude  of  scientific  men  does  not  inspire  immediate  hope  in  this 
respect.  Absorbed  in  their  own  specialities,  they  revolt  against  the 
idea  of  any  moral  or  spiritual  discipline,  which  would  have  the  effect  of 
concentrating  their  investigations  more  closely  round  human  interests, 
although  these,  largely  viewed,  offer  an  abundant  and  super-abundant 
field  for  every  intellectual  energy.  They  rebel  against  all  such 
claims  as  an  unpleasant  restraint.  And  the  sense  of  civic  duty  is 
restraint.     Noblesse  oblige. 

This  great  remedy  therefore  will  be  slow  in  its  action.  But  while 
there  are  some  remedies  which  are  deep,  but  not  immediate,  there  are 
othors  which  are  immediate,  though  not  deep.  To  some  of  these  the 
speaker  briefly  alluded.  A  revision  and  consolidation  of  our  sanitary 
laws ;  the  appointment  by  Government  of  public  inspectors  of  health  ; 
the  introduction  of  very  simple  sanitary  teaching  into  our  primary 
education ;  the  establishment  on  a  large  scale  of  public  parks  and 
gymnasia;  and  finally,  special  attention  to  the  sanitary  and  social 
requirements  of  the  agricultural  labourer,  from  whom  it  was  essential 
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not  to  cat  off,  as  bad  been  done  during  tbe  last  oentury,  the  hope, 
however  distant,  of  becoming  a  peasant  proprietor. 

With  regard  to  tbe  cost  of  these  and  similar  measures,  tbe  speaker 
merely  remarked  that  London  alone  expended  a  yearly  sum  of  between 
three  and  four  millions  upon  doubtful  charities ;  and  that  we  bad  found 
little  difficulty  in  raising  ten  millions,  of  late  years,  to  protect  our- 
selves against  the  imaginary  danger  of  invasion.  Whereas  the 
dangers  now  pointed  out  were  not  imaginary,  and  were  undoubtedly 
progressive. 

[J.  H.  B.] 
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John  Macdougall,  Esq. 
Edward  Moberly,  jun.  Esq. 
Robert  Palmer,  Esq. 
Rev.  George  Charles  Pearson,  M.A. 
Alfred  Rowlls  Rowlls,  Esq. 
Archibald  Travers,  Esq. 
Alfred  Wills,  Esq. 


were  elected  Members  of  the  Royal  Institution.  t 

Frederick  Leighton,  Esq. 
was  admitted  a  Member  of  the  Royal  Institution. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Asiatic  Society  of  Bengal— Journals,  Nos.  149, 150.    8vo.    1868. 

Proceedings,  1868.    Nos.  9, 10,  11.    8?o. 
Agronomical  Society,  Royal  -Monthly  Notices.    Vol.  XXIX.  No.  8.    8va    1869. 
Chemical  Society— Journal  for  Feb.  1869.    8vo. 
Devonshire  Auociation  for  the  Advancement  of  Literature,  Science,  and  Art — Report 

and  Transactions.    Vol.  II.  Part  2.    8yo.    1868. 
Dublin  Society,  Royal— Journal  No.  87.    8vo.    1868. 


1869.]  Mr.  Huggins  on  Spectrum  Analysis.  475 

Editors— American  Journal  of  Science  and  Arts.    Jan.  1869.    8vo. 

Artixan  for  Feb.  1869.    4to. 

Atheneum  for  Feb.  1869.    4to. 

British  Journal  of  Photography  for  Feb.  1869.    4to. 

Chemical  News  for  Feb.  1869.    4to. 

Engineer  for  Feb.  1869.    foL 

Geological  and  Natural  History  Repertory.    Feb.  1869.    8vo. 

Horological  Journal  for  Feb.  1869.    8vo. 

Journal  of  Gas-Lighting  for  Feb.  1869.    4to. 

Mechanics'  Magazine  for  Feb.  1869.    8vo. 

Pharmaceutical  Journal  for  Feb.  1869.    8vo. 

Photographio  News  for  Feb.  1869.    4to. 

Practical  Mechanics*  Journal  for  Fob.  1869.    4to. 

Revue  des  Oours  Scientifiques  et  Litteraires.    Feb.  1869.    4to. 
Franklin  Institute— Journal,  No.  516.    8?o.    1868. 
Geographical  Society,  Royal— Proceedings.    Vol.  IX.  No.  1.    8?o.    1869. 
Geological  Society  —Quarterly  Journal,  No.  97.    8vo.    1869. 
Horticultural  Society,  Royal— Proceedings,  No.  12.    8vo.     1869. 
Jencken  J.  F.  M.D.  (tae  Author) — Treatises  on  Light,  Colour,  Electricity,  and 

Magnetism.    Translated  by  H.  D.  Jencken.    8vo.    1869. 
Photographic  Society— Journal,  No.  202.    8?o.    1869. 
Royal  Society  of  Edinburgh— Transactions.    Vol.  XXV.  Part  1.    4to.    1868. 

Proceedings,  Nos.  74-76.    8vo.    1867-8. 
Royal  Society  of  London— Proceedings,  No.  108.    8vo.    1868. 

Philosophical  Transactions.    Vol.  CLVIII.  Part  2.    4to.    1869. 
Symons,  G.  J.  Esq.  (the  Author)— Symona  Monthly  Meteorological  Magazine,  Feb. 

1869.    8vo. 
Teole,  James,  Esq.  (the  Author) — A  Dynamical  Theory  of  the  Universe.    (K  96). 

8va    1868. 
Teyler  Foundation,  Haarlem— Archives  du  Musee  Teyler.   VoL  I.  Fascicule  4. 

8?o.    1868. 
United  Service  Institution,  Royal— Journal,  Nos.  50,  51.    Index  to  VoL  I.-X. 
8vo.    1868. 


WEEKLY  EVENING  MEETING, 

Friday,  March  5,  1869. 

Sib  Henry  Holland,  Bart.  M.D.  D.O.L.  F.R.S.  President, 

in  the  Chair. 

William  Huggins,  Esq.  F.R.S. 

On  some  further  Results  of  Spectrum  Analysis  as  applied  to  the  Heavenly 

Bodies. 

The  speaker  commenced  by  saying  that  four  years  ago  he  had  the 
honour  to  give  in  the  theatre  of  the  Royal  Institution  an  account  of 
the  results  of  an  attempt  to  apply  the  method  of  analysis  by  the  prism, 
for  which  science  is  indebted  to  Kirchho$  to  the  light  of  the  heavenly 
bodies.    It  was  the  speaker's  purpose  to  describe,  on  the  present 
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.  some  of  tlm  results  which  hail  been  obtained    in  hie  observa- 
tory since  the  spring  of  1865.     The  peculiar  suitability  of  spectrum 

analysis  as  a  mode  of  invent  iisd! f  tin:  bright  objects  iu  tho  heaven* 

had  been  confirmed,  not  only  by  Oil'  gain  of  further  information  of  the 
chemical  and  physical  constitution  of  some  of  these  immensely  distant 
bodies,  but  also  by  knowledge  of  another  kind  which  this  elegant  and 
searching  method  of  analysis  had  revealed  to  us. 

The  speaker  then  described  the  three  typical  forms  under  which 
all  spectra  may  be  classed,  and  the  interpretation  which  onr  present 
knowledge  enables  us  to  give  of  these  diffi  rent  spent rn  "lien  the  light 
is  emitted  by  bodies  rendered  luminous  by  heat.  The  spectra  of 
fluorescent  and  phosphorescent  bodies  were  not  to  be  described. 

1.  A  cotitmiii-uH  sj»it,tim  tri'thi-iiit  dark  or  bright  lines  shows,  ae  a 
general  rule,  that  the  luminous  source  is  in  the  solid  or  liquid  state. 
In  certain  exceptional  cases,  however,  a  gas  may  give  a  spectrum  which 
is  apparently  continuous.  Dr.  Balfour  Stewart  pointed  out  that  as 
gases  and  vapours  possess  a  power  of  general  absorption,  in  addition 
to  tho  selective  absorption  peculiar  to  ouch  pas,  a  gas  when  luminous 
would  emit  light  of  all  refrangibililics,  producing  a  continuous  spec- 
trum, in  addition  to  its  spectrum  of  bright  lines,  and  further  that  tho 
intensity  of  this  continuous  spectrum  would  be  in  proportion  to  tho 
opacity  of  the  gas.  The  researches  of  Pliieker  and  Frankland  have 
shown  that  under  certain  conditions  of  density  and  temperature,  the 
bright  lines  of  hydrogen  expand  so  as  to  produce  a  spectrum  which  is 
apparently  continuous. 

2.  A  spectrum  of  bright  lines  indicates  that  the  luminous  body 
the  state  of  gas.  Each  gas  and  vapour  has  its  own  set  of  lines.  The 
lines  may  bo  greatly  modified,  or  oven  altogether  changed,  under 
different  conditions  of  temperature  and  density,  as  is  well  known  in 
tho  caso  of  nitrogen,  the  vapour  of  sulphur,  and  some  other  substances ; 
but  throughout  all  these  changes  eueh  gas  behaves  in  a  way  peculiar 
to  itself.  There  appears  to  be  ono  exception  to  the  statement  that  a 
Bpectrum  of  bright  lines  is  peculiar  to  luminous  gas.  Buusen  found 
that  when  solid  erhia  is  heated  to  incandescence,  the  continuous 
apectrum  contains  bright  bands. 

3.  A  eoHliauims  /tpi-i-lriita  interrupter!  by  dark  linen  informs  us  that 
the  light  has  passed  through  vapours  at  a  lower  temperature  than  tho 
source  of  light.  As  the  kinds  of  light  absorbed  by  each  vapour  cor- 
respond precisely  with  the  set  of  bright  lines  which  that  vapour  emite 
when  in  tho  luminous  state,  it  is  possible  to  learn  if  the  vapours  are 
thoso  of  any  of  the  substances  with  which  we  are  acquainted. 

The  speaker  said  that  following  the  arrangement  adopted  in  the 
former  discourse,  the  most  important  recent  information  obtained  of 
0h&  fixed  stars  results  from  the  application  of  prismatic  analysis  in  a 
new  direction.  Under  certain  conditions  the  spectrum  of  a  luminous 
body  is  adapted  to  tell  us  whether  that  body  is  moving  towards  or 
from  the  earth.  Tho  importance  of  information  on  this  jioint  will  be 
seen  from  the  eonsiderati")]  that,  the  projM-r  motions  of  the  stars 
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sent  that  part  only  of  their  whole  motion  which  is  transverse  to  the 
lino  of  sight ;  for  any  motion  they  might  have  in  the  visual  direction, 
towards  or  from  the  earth,  would  not  cause  any  visible  displacement 
of  the  star,  and  could  not  therefore  be  ascertained  by  the  ordinary 
methods  of  observation. 

As  it  is  upon  the  length  of  the  waves,  or  upon  the  number  con- 
tained in  the  series  that  enters  the  eye,  or  falls  upon  the  prism,  in  a 
second  that  a  judgment  is  formed  of  the  colour  of  the  light,  or  its 
place  in  the  spectrum  is  determined,  it  follows  that  any  circumstance 
which  would  alter  the  length  of  the  waves  relatively  to  the  observer,  or, 
in  other  words,  cause  a  larger  number  of  waves  to  enter  the  eye  in  a 
second  of  time,  would  cause  a  change  in  the  colour  or  refrangibility  of 
the  light  so  far  as  the  observer  is  concerned.  It  is  obvious  that  if  the 
observer  advances  to  meet  the  light,  a  longer  series  of  waves  falls 
upon  the  retina  in  a  second  of  time,  each  wave  appears  shorter,  and 
he  ascribes  to  the  light  a  higher  refrangibility  than  he  would  do  if  he 
were  not  advancing  to  meet  the  light.  If  he  were  receding  from  the 
star  an  alteration  of  refrangibility  in  the  opposite  direction  would  take 
place.  The  same  effect  would  ensue,  if  the  luminous  source  were  in 
motion.  Thus  to  a  swimmer  striking  out  from  the  shore,  each  wave 
appears  shorter,  and  ho  passes  a  greater  number  of  them  in  a  given 
interval  in  proportion  to  his  speed  through  the  water. 

Illustrations  were  given  of  this  principle,  which  was  first  suggested 
in  1841  by  Doppler,  by  means  of  an  analogous  change  of  pitch  in 
sound.  Two  tuning-forks  sounding  in  unison  wore  moved  rapidly 
towards  and  from  the  audience,  when  beats  were  heard,  which  told  of 
a  difference  of  pitch  produced  by  the  opposite  motions  of  the  forks. 

As  there  exists  beyond  the  visible  spectrum,  at  both  ends,  a  store 
of  invisible  waves,  these  would  be  advanced  or  degraded  into  visi- 
bility, in  proportion  as  the  colours  of  the  spectrum  were  altered,  and 
no  change  of  colour  would  be  perceived.  It  is  therefore  essential 
before  we  can  apply  this  method  to  detect  the  radial  motion  of  the 
stars,  that  we  know  the  original  refrangibility  of  some  part  of  the  light 
at  the  moment  it  left  the  star,  and  also  that  we  are  able  to  recog- 
nize this  particular  part  of  the  light  again  in  the  spectrum  of  the 
star's  light.  When  by  means  of  a  group  of  dark  or  bright  lines  we 
learn  the  presence  of  a  terrestrial  substance  in  the  star,  both  these 
conditions  are  fulfilled. 

Of  all  the  stars  which  the  speaker  had  compared  with  terrestrial 
elements,  when  working  with  his  distinguished  friend  Dr.  W.  A. 
Miller,  Trcas.  E.S.,  Sirius,  which  contains  four  very  strong  lines 
which  are  due  to  hydrogen,  appeared  the  most  suitable  for  this 
investigation.  The  apparatus  employed,  and  the  special  precautions 
which  were  taken  to  ensure  the  perfect  coincidence  in  his  instrument 
of  the  stellar  lines  with  those  of  the  substance  compared  with  it,  were 
described  by  the  speaker,  who  stated  that  after  a  prolonged  comparison, 
extending  over  many  weeks,  of  the  line  of  hydrogen  in  Sirius  in  the 
green,  at  the  place  of  F  in  the  solar  spectrum,  with  the  line  of  torres- 
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trial  hydrogen,  ho  found  that  the  line  in  the  star  1 
shift  in  tho  spectrum  equal  to  a  difference  of  wave  length,  which  would 
correspond  to  a  motion  of  recession  between  the  star  and  the  earth  of 
41  miles  per  second.  The  speaker  had  obtained  evidence  from  ex- 
periment that  this  shift  was  not  due  to  unsymmctrical  expansion  of 
tho  line  in  hydrogen  as  tho  density  is  increased.  The  greater  width 
of  this  line  in  Shins  tlnui  in  the  sohir  spectrum  would  show  that  tho 
hydrogen  in  Sirius,  though  at  a  pressure  considerably  less  than  that  of 
our  atmosphere  at  tho  Burfaco  of  tho  earth,  is  more  dense  than  the 
hydrogen  in  the  solar  atmosphere  by  which  the  dark  line  F  is  pro- 
duced. This  conclusion  is  in  accordance  with  the  presumably  enor- 
mous mass  of  Sinus,  as  suggested  by  its  great  intrinsic  splendour. 

Tho  earth  at  tho  time  of  observation  was  moving  from  Sirius  at 
about  11  miles  per  second,  which  would  leave  30  miles  as  due  to  the 
star.  A  further  connection  is  required  for  tho  solar  motion  in  space, 
which  is  believed  to  be  towards  Hercules,  with  a  velocity  of  4  or  5 
miles  por  second.  Tho  whole  of  this  must  therefore  be  deducted, 
leaving  about  2<i  miles  as  tho  motion  of  Sirius  from  the  earth  in  the 
line  of  sight.  Tho  true  motion  of  the  star  would  consist  of  this  radial 
motion  compounded  with  the  transverse  motion  of  from  24  to  40  mile* 
per  second,  which  is  shown  by  its  proper  motion. 

The  speaker  then  described  a  further  examination  of  the 
(about  fifty  have  been  successfully  observed)  with  a  more  powerful 
spectroscope,  which  confirms  his  previous  conclusion  that  these 
bodies  consist  mainly  of  the  gases  nitrogen  and  hydrogen.  He  also 
found  that  when  the  spectra  of  these  gases  are  made  faint  by  tbo 
removal  of  tho  spark  to  a  distance,  all  tho  lines  are  lIlllttWMfcul 
with  tho  exception  of  tho  one  line  in  each  spectrum  which  is  found 
in  the  nebuliu.  If  such  an  extinction  takes  place  in  the  ease  of  the 
ncbuhe,  since  they  art-  objects  of  sensible  size,  it  must  be  attributed 
to  a  power  of  extinction  of  light  existing  in  cosmical  Bpace. 

Observations  of  four  comets  have  been  made.  A  largo  part  of  tho 
light  of  these  strange  objects  was  found  to  be  peculiar,  and  therefore 
emitted  by  the  eomctary  matter.  Brorscn's  comet  at  its  return  in 
18(iH,  and  a  comet  discovered  by  Winnecke,  g.ivc  rt  spectrum  of  three 
bright  hands.  The  spectrum  of  Winncoke's  comet,  (eomet  II  ,  18G8) 
waB  found  to  be  ideutie.il  with  the  spectrum  of  carbon  as  it  appears 
whon  tho  induction  spark  is  taken  in  olefiaut  gas,  and  in  some  other 
compounds  of  carbon.  .The  spectrum  of  the  comet  was  compared 
directly  in  the  instrument  with  the  spectrum  of  ololiant  gas. 

The  speaker  then  described  some  observations  of  the 
found  that  while  the  solar  lines  are  for  the  most  part  thickened  when 
viewed  in  tho  light  from  the  umbra  of  a  Bitot,  the  lines  C  and  F,  doe 
to  hydrogen  did  not  appear  to  be  altered.  This  observation  is  of 
interest  in  connection  with  the  constitution  of  tho  solar  prominences 
as  shown  by  the  observations  of  the  great  eclipse  of  last  August.  Tho 
speaker  nearly  three,  years  ago,  at  tho  Game  timo  tlutt  he  had  inde- 
pendently made  attempts  to  see  tho  prominences  by 
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spectroscope,  also  tried  the  method  of  using  absorbing  media,  by 
which  the  parts  of  the  spectrum  where  the  bright  lines  occur  might 
remain,  while  all  the  rest  of  the  spectrum  was  extinguished.  In  this 
way  the  faint  prominences  would  be  rendered  visible,  in  consequence 
of  the  much  greater  relative  diminution  of  the  intensity  of  the  illu- 
minated screen  of  air,  which  on  ordinary  occasions  conceals  them 
from  view.  Recently  he  had  succeeded  in  viewing  the  outline  of  these 
objects  by  means  of  a  coloured  glass  combined  with  a  spectroscope 
with  a  wide  slit.  He  expected  to  be  able  to  view  these  objects  by 
means  of  coloured  media  alone. 

[W.H.I 


WEEKLY  EVENING  MEETING, 

Friday,  March  12,  1869. 

William  Robert  Gbovtc,  Esq.  M.A.  Q.C.  F.B.S.  Vice-President, 

in  the  Chair. 

F.  A.  Abkl,  F.B.S.  For.  Sec.  0.  S. 
On  some  Applications  of  Electricity  to  Naval  and  Military  Purposes. 

The  applications  which  electric  science  has  received  within  the  last 
few  years  in  connection  with  the  military  and  naval  services  are 
various  and  important.  The  employment  of  the  electric  light  for 
signalling  and  reconnoitring  purposes ;  the  permanent  establishment 
of  telegraphic  equipments  by  which  an  army  in  the  field  or  at  a  siege 
is  maintained  in  the  most  intimate  communication  with  the  directing 
powers ;  the  employment  of  electric  signalling  arrangements  in  ships  of 
war,  and  the  accurate  investigation  of  the  ballistic  force  of  gunpowder 
and  other  explosive  agents,  are  among  the  uses  to  which  electricity  has 
been  put  in  connection  with  war-purposes ;  but  the  earliest  application, 
and  one  of  the  most  important  and  extensive— one,  moreover,  possessing 
great  interest  from  industrial  points  of  view — is  the  employment  of 
electricity  as  an  agent  for  exploding  land-  and  submarine  mines. 

The  possibility  of  applying  the  electric  spark  to  the  ignition  of 
charges  of  gunpowder  suggested  itself  both  to  Franklin,  in  1751,  and 
to  Priestley  in  1767 ;  but  it  was  not  until  some  years  after  the  dis- 
covery of  the  electric  pile  by  Volta,  that  serious  attempts  were  made 
to  apply  electricity  to  mining  and  military  purposes.  The  first  prac- 
tical application  of  the  voltaic  battery  in  this  direction  was  made  little 
more  than  thirty  years  ago  by  French  military  Engineers ;  a  few  years 
afterwards  that  agent  was  successfully  applied  in  this  country  in  con- 
nection with  important  blasting  operations,  such  as  the  destruction  of 
Bound  Down  Cliff  at  Dover,  and  the  removal  of  the  wrecks  of  the 
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Royal  George  and  Edgar  at  Spithead.  The  general  method  of  opera- 
tion thon  pursued  was  adhered  to  by  military  Engineers  in  this  country 
until  very  recently,  and  is,  in  fact,  still  occasionally  employed,  though 
it  has  been  in  great  measure  superseded  by  other  systems  which  pre- 
sent very  important  advantages.  It  consists  in  inserting  into  the 
charge  of  gunpowder  a  short  piece  of  thin  wire,  composed  of  a  metal 
of  inferior  conducting  power,  such  as  iron  or  platinum,  and  placing 
this  wire  into  connection  with  the  circuit  wires  of  the  battery.  The 
resistance  offered  to  tho  passage  of  the  current  gives  rise  to  the  de- 
velopment of  heat,  the  intensity  of  which  is  regulated  by  the  conduct- 
ing power  and  the  length  and  thickness  of  the  wire.  The  latter  may, 
in  this  way,  be  raised  to  a  red  heat,  or  even  fused ;  and  thus,  by  com- 
pleting circuit  through  the  wire  at  tho  desired  moment,  a  charge  of 
powder  may  be  inflamed.  A  number  of  charges  may  be  simultaneously 
exploded  by  introducing  several  pieces  of  £hin  wire  into  the  circuit. 

Although  tho  employment  of  a  voltaic  current  of  low  tension 
presents  obvious  and  great  advantages  over  old  systems  of  igniting 
charges  by  trains  or  slow-burning  fuzes,  its  application  to  military 
purposes  is  attended  with  some  difficulty  and  uncertainty,  arising  out 
of  the  want  of  uniformity  of  action  of  the  same  voltaic  arrangements 
at  different  periods,  the  difficulties  attending  the  transport  and  proper 
preservation  of  the  battery  and  materials  required  for  its  use,  the  de- 
pendence for  success  upon  care  and  experience  in  preparing  and  pre- 
serving the  batteries,  and  tho  very  considerable  increase  which  it  is 
necessary  to  make  in  the  power  of  the  battery  when  the  operations 
to  be  performed  involve  the  simultaneous  explosion  of  a  number  of 
charges,  or  the  ignition  of  gunpowder  at  very  considerable  distances 
from  the  battery. 

For  these  reasons,  soon  after  the  first  successful  application  of 
voltaic  electricity  to  mining  purposes,  the  attention  of  military  Engi- 
neers on  the  Continent,  and  of  others  here  and  abroad  who  were 
specially  interested  in  operations  of  this  kind,  became  directed  to  the 
possibility  of  rendering  electricity  of  high  tension  available  for  ex- 
ploding purposes,  whereby  voltaic  batteries,  for  mining  operations, 
might  be  greatly  reduced  in  size,  if  not  altogether  dispensed  with.  In 
1853  a  Spanish  officer,  Colonel  Verdu,  associated  himself  with  M. 
Ruhmkorff  in  experiments  on  the  application  of  electro-magnetic  in- 
duction coils  to  the  explosion  of  gunpowder.  The  success  of  their 
experiments  led  Colonel  Verdu  to  pursue  them  further  in  Spain, 
where  he  soon  succeeded  in  firing  six  mines  simultaneously  by  one 
element  of  Bunsen's  battery,  at  a  distance  of  upwards  of  three 
hundred  yards,  through  the  agency  of  the  Ruhmkorff  coil.  The  mode 
of  operating  and  difficulties  which  Colonel  Verdu  had  to  overcome 
will  bo  presently  described.  While  the  success  of  these  operations 
led  the  military  Engineers  in  Spain,  France,  and  Russia  to  pursue  the 
development  of  the  application  of  electro-magnetic  induction  instru- 
ments to  exploding  purposes,  a  committee  of  Austrian  military  Engi- 
neers (of  which  Baron  von  Ebner  was  from  the  first  a  most  distin- 
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guished  member)  was  labouring  to  apply  frictional  electricity  to  mili- 
tary uses  as  an  exploding  agent,  having  come  to  the  conclusion  that 
the  electro-magnetic  induction  apparatus  was  too  complicated  and 
too  greatly  susceptible  of  derangement  for  military  uses.  But  little 
success  had  up  to  that  time  attended  attempts  to  apply  frictional  elec- 
tricity to  this  purpose.  In  1831,  Moses  Shaw,  of  New  York,  succeeded 
in  exploding  several  mines  simultaneously  by  means  of  frictional  elec- 
tricity, but  was  foiled  in  his  attempts  to  apply  this  agent  to  practical 
purposes,  by  the  fact  that  he  could  not  conduct  operations  with  any 
chance  of  success  except  in  very  dry  weather.  Somewhat  more  pro- 
mising results  attended  several  attempts  in  Germany  between  1842 
and  1845 ;  but  the  prospect  of  practical  success  was  still  not  encourag- 
ing when  the  Austrian  Committee  of  Engineer  Officers  took  the  matter 
in  hand,  and  eventually  produced  a  portable  glass  frictional  electric 
machine,  which,  when  in  good  working  order,  furnished  results  sur- 
passing those  which  had  been  obtained  with  volta-induction  appa- 
ratus. Some  very  extensive  operations  were  conducted  with  this 
machine;  thus,  fifty  land-charges  and,  afterwards,  thirty- six  sub- 
marine charges,  were  simultaneously  exploded.  Even,  however  with 
all  the  precautions  adopted,  the  machine  was  still  too  seriously  affected 
by  damp  to  be  thoroughly  serviceable  for  military  purposes.  But  the 
persevering  labours  of  Baron  von  Ebner  eventually  resulted  in  the 
production  of  an  electric  machine  which  was  almost  entirely  free  from 
the  objections  hitherto  attached  to  this  form  of  apparatus. 

While  the  progress  just  indicated  was  being  made  in  different  parts 
of  the  Continent  in  the  application  of  electricity  to  mining  operations, 
but  little  attention  was  directed  in  this  country  to  effecting  improve- 
ments in  the  utilization  of  electricity  for  military  mining  purposes. 
In  1855,  however,  Sir  C.  Wheatstone  directed  the  attention  of  Field- 
Marshal  Sir  John  F.  Burgoyne  to  the  importance  of  instituting  an 
experimental  inquiry  into  the  relative  advantages  of  different  sources  of 
electricity  of  tension  as  agents  for  exploding  gunpowder.  The  Ordnance 
Select  Committee,  of  whom  Sir  C.  Wheatstone  and  Mr.  Abel  were 
then  members,  were  consequently  instructed  to  pursue  this  inquiry; 
and  a  series  of  investigations  was  carried  out,  in  the  first  instance,  to 
a  working  branch  of  the  Committee,  and  subsequently  by  Mr.  Abel  at 
Woolwich  and  Chatham,  the  results  of  which  were  eventually  em- 
bodied in  a  report  presented  by  the  above-mentioned  gentlemen  to 
the  Secretary  of  State  for  War  in  1860.  Since  then  Mr.  Abel,  as 
a  member  of  the  Government  Committee  on  Floating  Obstructions, 
has  continued  systematic  investigations  on  the  applications  of  electri- 
city to  the  explosion  of  mines,  and  especially  to  submarine  operations, 
and  considerable  improvements  and  simplifications  of  the  arrange- 
ments and  appliances  have  resulted.  Some  advance  has  also  been 
made  on  the  Continent  in  this  subject,  and  during  the  last  two  or 
three  years  our  military  Engineers  have  acknowledged  in  the  most 
practical  manner  the  advantages  to  bo  derived  from  the  use  of  elec- 
tricity of  tension  as  the  agent  for  exploding  mines,  by  gradually  and 
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to  a  very  great  extent  ubrtmhiiiiiig  1 1  j ■  -  old  sy^ti-m  of  operation,  anil  by 
devoting  considerable  ■Mention  to   the  practical  elaboration  of  the 

The  following  is  an  outline  of  the  results  obtained  up  to  the 
present  day  with  different  classes  of  instruments  which  furnish  elec- 
tricity of  tension. 

It  has  been  stated  that  Colonel  Verdu  succeeded,  in  1853,  in  exploding 
several  mines  simultaneously  by  means  of  a  Buhmkorff  induction- 
coil.  The  ignition  of  the  gunpowder  was  effected  in  these  experi- 
ments by  introducing  one  or  more  small  but  complete  interruptions 
into  the  circuit,  across)  which  the  electric  spark  of  high  tension  would 
leap  upon  the  current  being  passed.  This  spark  will  inflame  gun- 
powder, but  not  very  readily,  although  its  production  is  attended 
with  development  of  heat  considerably  in  excess  of  that  required ; 
the  reason  being  that  powder  requires  for  ignition  either  the  close 
proximity  of  a  considerable  heated  surface,  or  the  continuous  appli- 
cation of  heat  for  a  brief  period,  while  tho  disruptive  discharge  from 
an  induction  coil  consists  of  a  series  of  instantaneous  discharges 
following  each  ether  in  very  rapid  succession.  Hence  a  charge  of 
gunpowder  is  not  always  instantaneously  fired  when  the  spark  is 
passed;  indeed,  unless  the  powder  Iks  closely  confined  round  the  wire- 
terminals  between  which  tho  spark  passes,  it  is  sometimes  dispersed 
by  the  mechanical  action  of  the  spark  without  being  exploded ;  and 
when  a  succession  of  sparks  is  passed  simultaneously  through  a 
number  of  charges,  it  frequently  happens  that  only  a  few  are  exploded, 
in  which  some  of  the  grains  happened  to  Ih.i  in  positions  or  conditions 
more  favourable  with  reference  to  the  source  of  heat  than  in  other 
instances,  where  the  powder  would  escape  ignition.  Colonel  Verdn 
succeeded  in  increasing  tho  certainty  of  simultaneous  ignition  of 
several  charges,  by  surrounding  the  wiro  terminals  with  a  substance 
much  more  readily  inflamed  than  powder— the  fulminate  of  mercury. 
Another  source  of  difficulty  in  effecting  the  simultaneous  ignition  of 
a  considerable  number  of  charges  by  tho  spark  from  the  eoil  is  the 
enfeebling  effect  upon  the  ■park-discharge  exerted  by  a  number  of 
successive  small  interruptions  in  the  circuit.  This  was  to  some  extent 
overcome  by  employing  a  fuze  constructed  by  Messrs.  Statham  and 
Brunton,  in  which  the  space  between  the  wire-terminals  was  bridged 
over  with  a  film  of  a  finely-divided  substance — the  suhsulphide  of 
copper,  the  conducting  power  of  which  is  sufficiently  great  to  aid  the 
passage  of  the  electric  discharge  across  the  interruption,  while  it  is  at 
the  same  time  readily  combustible-,  and  therefore  directly  promotes 
tho  ignition  of  the  powder.  Finding  that,  oven  with  the  combined  use 
of  this  fuze  and  of  fulminate  of  mercury,  the  power  of  the  induction- 
coil  to  explode  charges  simultaneously  was  limited,  Colonel  Verdu 
adopted  the  following  simple  arrangement.  Separate  small  groups  of 
mines  were  all  connected  with  earth,  and  an  insulated  conducting 
wire  connected  each  group  with  a  distinct  small  insulated  plato.  ~ 
bringing  theso  plates  in  very  rapid  succession  into  circuit  with 
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coil-machine,  the  several  groups  were  so  rapidly  exploded  as  to  produce 
results  somewhat  similar  to  those  attainable  by  the  really  simultaneous 
discharge  of  a  considerable  number.  Not  long  after  this  contrivance 
was  adopted  by  M.  Verdu,  M.  Savare  devised  another  arrangement, 
whereby  a  much  more  rapidly  successive  discharge  of  a  number  of 
mines  was  accomplished  through  the  agency  of  the  coil.  The  metal- 
lic circuit  which  passed  to  the  mines  was  divided  into  a  number  of 
branches,  so  that,  upon  completion  of  the  circuit,  the  currents,  follow- 
ing each  other  in  very  rapid  succession,  would  distribute  themselves 
through  all  the  branches  with  a  degree  of  uniformity  regulated  by 
the  resistance  met  with  in  each  branch.  Thus,  when  one  or  more 
fuzes  were  interposed  in  each  branch  of  the  circuit,  those  which 
happened  to  offer  the  greatest  facilities  for  the  passage  of  the  current 
would  be  first  fired,  whereupon  the  escape  of  electricity  in  that  direc- 
tion would  be  interrupted,  and  the  explosion  of  fuzes  in  the  other 
branches  would  follow.  With  the  employment  of  currents  following 
each  other  with  the  enormous  rapidity  with  which  they  pass  off  from 
the  induction-coil  machines,  the  discharge  of  a  number  of  mines  may 
thus  be  effected  with  a  rapidity  which,  practically,  has  almost  the 
effect  of  a  simultaneous  discharge. 

The  Ruhmkorff  coil  was  used  to  some  extent  by  the  Bussians  in 
mining  operations  during  the  Crimean  war,  and  some  very  extensive 
blasting  operations  were  carried  on  with  its  aid  at  Cherbourg  in  1854. 
A  series  of  experiments  was  instituted  at  Woolwich  in  1856  with  two 
excellent  induction-coils,  produced  by  M.  Ruhmkorff,  in  the  course  of 
which  various  descriptions  of  materials  were  tried  in  the  fuzes,  for  the 
purpose  of  increasing  the  power  of  the  machine  to  fire  numbers  of 
charges  simultaneously.  At  that  time  the  fulminate  of  mercury  was 
found  to  be  the  best  inflaming  agent ;  but  not  more  than  twelve  charges 
were  fired  simultaneously  by  means  of  the  most  powerful  coil  avail- 
able and  a  battery  of  twelve  cells  (without  employing  Yerdu's  or 
8avare*s  methods  of  explosion).  One  defect  in  this  class  of  instru- 
ment was  found  to  be  the  want  of  uniform  action  of  one  and  the 
same  apparatus  at  different  periods ;  another  was  the  liability  to  de- 
rangement of  the  machine,  especially  of  the  condenser.  Far  more 
successful  results  were  afterwards  obtained  with  the  same  coils  and 
the  fuze  constructed  at  a  later  period  of  these  investigations ;  fifteen 
charges  were  fired  simultaneously  with  a  battery  of  six  cells,  and  fifty 
charges,  arranged  in  branch-circuit  in  groups  of  ten,  were  exploded 
with  the  effect  of  a  simultaneous  discharge.  These  results  were 
obtained  with  machines  produced  by  Ruhmkorff  in  1855 ;  but  the  im- 
provements since  then  effected  in  the  construction  of  this  apparatus 
nave  reduced  to  insignificance  the  results  at  that  time  obtained  with 
it.  There  is  no  question  therefore  that  the  Ruhmkorff  coil  is  avail- 
able for  special  operations  of  considerable  magnitude ;  but  in  point  of 
simplicity,  certainty,  and  constancy  of  action,  it  is  far  surpassed  by 
other  forms  of  electric  instruments,  which  will  be  presently  noticed. 

At  the  suggestion  of  Sir  Charles  Wheatstono,  experiments  were 
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commenced  in  185G  on  the  application  of  currents  induced  by  per- 
manent m>i<jn':tx  to  tin-  explosion  of  gunjKiwder.  The  first  experiments 
wore  instituted  ivithu  vm-y  large  and  powerful  magneto-electric  mach" 
constructed  by  Mr.  llenhy,  of  which  the  armature,  carrying  two  power- 
fid  coils,  was  suddenly  detached  from  the  magnet  liy  means  of  a  lever. 
A  few  experiments  sufficed  to  shew  that  the  induced  current  obtained 
oven  with  this  powerful  intrumont  was  not  adequate  to  ignite  one 
single  charge  of  gunpowder  with  certainty.  Somewhat  better, 
still  uncertain,  results  were  obtained  with  tilatham's  and  ouo  or  two 
other  forms  of  fuzes  existing  at  that  time.  A  careful  investigation 
was  then  undertaken  by  Mr.  Abel  (with  the  invaluable  assistance  of 
Mr.  Brown,  of  the  Chemical  Department,  Woolwieh  j,  into  the  condi- 
tions to  be  fulfilled  in  the  production  of  a  fuze  which  should  ho  certain 
of  action  with  the  magneto-electric  machine.  The  results  of  extensive 
experiments  indicated  that  a  combination  of  comparatively  high  con- 
ducting power  with  groat  susceptibility  to  ignition  appeared  to  bo 
essential  elements  of  success  in  a  material  to  be  used  as  the  exploding 
agont  in  a  fuzo.  The  uniform  arrangement  of  the  poles  or  wire- 
terminals  in  the  fuze,  the  space  between  which  was  to  he  bridged 
over  by  the  igniting  composition,  also  proved  a  matter  of  great 
importance.  A  mode  of  constructing  the  fuzes  which  ensured  perfect 
uniformity  in  this  respect  was  ultimately  perfected,  and  has  proved 
quite  successful.  A  very  fairly  efficient  fuze  was  obtained  with  the 
aid  of  the  poles  thus  arranged,  by  employing  as  the  igniting  agent 
gunpowder  impregnated  with  a  small  proportion  of  calcic  chloride, 
which  caused  it,  upon  brief  exposure  to  air,  to  imbibe  moisture 
BUflicient  to  render  tho  gunpowder  highly  conducting.  It  is  obvious 
however,  that,  although  tlie  fuze  itself  was  hermetically  closed  when 
complete,  there  must  ho  a  liability  to  want  of  uniformity  in  the  pro- 
portion of  water  absorbed  by  the  powder,  and  a  consequent  variation 
in  the  conducting  power  of  the  latter.  Eventually  a  material  ni 
prepared  (consisting  of  tho  subphi isplddo  of  copper,  snhsulphido  of 
copper,  and  potassie  chlorate)  which  combined  the  essentials  of  perfect 
certainty  of  aetion  with  very  great  suusitm  ness  to  ignition.  Henley's 
largo  magnet  fired  ihree  of  these  fazes  simultaneously  with  perfect 
certainty,  while  a  small  horso-jdioo  magnet  with  revolving  armature 
exploded  twenty-fivo  in  divided  circuit  in  exceedingly  rapid  succes- 
sion. A  combination  of  six  small  compound  magnets  was  afterwards 
employed,  with  which  an  exceedingly  rapid  succession  of  currents  wis 
obtained,  and  this  apparatus  exploded  twenty  five  fuzes,  in  divided 
Oircuit  with  a  rapidity  which  to  the  ear  had  the  effect  of  an  instan- 
taneous explosion.  Even  the  small  magneto-electric  instrument* 
which  we  used  for  medical  purposes  will  explode  these  fuzes  with 
certainty. 

The  application  of  magneto-electric  niaehincs  having  been  suc- 
cessfully accomplished,  a  series  of  experiments  was  carried  on  by 
Mr.  Abel,  with  the  nimble  aid  of  Colonel  H.  Scott,  RE.,  at  Chatham, 
during  tho  years  1857-58,  on  the  explosion  of  charges,  both  land-  «nd 
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submarine ;  and  the  great  advantages  of  these  instruments,  as  regards 
simplicity  and  permanent  efficiency,  over  the  voltaic  arrangements 
hitherto  used,  was  fully  demonstrated.  Very  compact  but  powerful 
exploding  instruments  were  constructed  by  Sir  C.  Whcatstonc,  and 
these  have  for  the  last  seven  or  eight  years  received  many  important 
applications ;  thus,  the  proof  of  cannon  at  Woolwich  and  the  firing  of 
guns,  from  a  safe  distanco,  in  the  numerous  experiments  at  Shocbury- 
ness,  is  effected  by  means  of  Wheatstone's  exploder,  which  is,  more- 
over, an  important  adjunct  in  all  electro-ballistic  experiments,  when 
the  operator  desires  himself  to  fire  a  gun  at  a  particular  moment. 
Magneto-electric  machines  have  also  been  found  very  useful  in  con- 
nection with  blasting  operations  on  land,  except  in  instances  when 
the  absolutely  simultaneous  explosion  of  a  large  number  of  mines  is 
required. 

Since  the  success  of  \\  hcatstone's  exploders  has  been  fully  esta- 
blished, several  other  forms  of  magneto-electric-machines  have  been 
devised,  especially  on  the  Continent  and  in  America.  Powerful  in- 
struments similar  to  Wheatstone's  are  manufactured  by  Siemens  and 
Halske,  of  Berlin ;  Morkus,  of  Vienna,  has  constructed  very  efficient 
instruments  in  which  one  separation  and  return  of  the  armature  to 
the  magnet  are  made  to  explode  the  charges.  The  disadvantages  of 
these  instruments  is  that  a  succession  of  currents  cannot  be  obtained 
from  them  as  in  the  case  of  machines  with  revolving  armatures ;  hence 
the  number  of  mines  which  can  be  exploded  by  them  in  divided  circuit 
is  comparatively  limited.  Mr.  Beardslee,  an  American,  has  also  devised 
a  modification  of  Wheatstone's  exploder,  in  which  the  magnets  are 
made  to  revolve  between  the  armature-coils,  and  which  furnishes  cur- 
rents of  greater  quantity  but  lower  tension  than  Wheatstone's.  The 
fuze  constructed  by  Mr.  Beardslee  for  employment  with  this  instru- 
ment is  similar  in  principle  of  construction  to  Abel's ;  but  the 
materials  which  bridge  over  the  space  between  the  terminals  or  poles 
of  the  fuze  are  black  lead,  with  the  addition  of  a  minute  quantity  of 
some  substance,  apparently  collodion,  which  adds  to  the  size  of  the 
scintillations  produced  when  the  current  passes,  and  thus  increases 
the  certainty  of  ignition  of  the  powder  which  is  in  close  contact  with 
the  poles.  These  fuzes  arc  efficient  with  magneto-electric  instruments 
like  that  of  Mr.  Beardslee,  but  they  are  much  less  delicate  than  the 
Woolwich  fuzes,  and  the  number  which  can  be  simultaneously  ex- 
ploded is  therefore  much  more  limited.  Sir  C.  Whcatstonc  has  also 
lately  constructed  moro  powerful  modifications  of  his  original  mag- 
netic exploder,  which  may,  at  will,  be  made  to  furnish  currents  of 
greater  quantity  and  lower  tension,  or  to  produce  the  high  tension 
currents.  Lastly,  Mr.  Ladd  and  Mr.  Browning  have  produced  instru- 
ments of  comparatively  low  price,  but  quite  powerful  enough  for 
ordinary  blasting  and  quarrying  operations.  The  only  obstacle,  but  a 
most  important  one,  to  the  general  use  of  these  machines  for  the  ex- 
plosion of  mines  on  land  and  under  water  is,  that  very  slight  defects 
in  the  insulation  of  the  conducting  wire  which  leads  from  the  instru- 
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meiit  to  the  mines  are  quite  fatal  to  its  exploding  power.  In  consequence 
of  the  high  tension  of  the  current  developed  by  these  machines,  and 
the  small  quantity  put  into  circulation  by  even  the  most  powerful  of 
them,  tho  diversion  of  the  current  from  its  destined  course  to  earth 
is  promoted  by  the  smallest  points  of  escape  presented  to  it;  a  result 
which  is,  moreover,  fucil Stated  by  the  resistance  of  the  fuzes  in  circuit. 
With  care  this  source  of  failure  can  be  guarded  against  in  operations 
on  land,  but  such  is  not  the  easo  with  regard  to  submarine  arrange- 
ments ;  while,  moreover,  minute  defects  in  the  coatings  of  the  *u6- 
merijed  wires,  which  would  hardly  influence  the  results  at  oil  on  land, 
completely  nullify  the  exploding  power  of  the  machines.  Hence 
neto-e  lee  trie  instruments  arc  the  least  reliable  of  all  electric  exploding 
apparatus  for  submarine  purposes. 

A  few  experiments  were  instituted  at  Woolwich  in  1857  on  the 
employment  of  frirlimial  dcvlrichij  as  nn  exploding  agent,  and 
especially  with  u  small  hydro-eleclrie  machine  constructed  for  the 
purpose  by  Sir  William  Armstrong.  As  rogards  its  power  of  ex- 
ploding a  number  of  charges  simultaneously,  when  it  was  in  good 
working  order,  it  far  exceeded  any  other  instrument  experimented  with 
at  that  time ;  one  hundred  fuzes,  arranged  in  a  single  current,  were 
frequently  exploded  by  its  means ;  but  the  great  uncertainty  of  its 
action,  and  the  difficulty  of  employing  it  in  the  held,  did  not  afford 
encouragement  for  a  continuation  of  experiments  with  it. 

The  great  difficulties  encountered  in  the  Austrian  experiments  in 
the  attempts  to  employ  glass  Inchuiial  electric  machines  as  exploding 
agents  for  military  purposes,  led  liarou  von  Elmer  to  direct  his  attention 
to  the  production  of  an  instrument  in  the  construction  of  which  glass 
was  altogether  avoided,  and  which  iiiijdit  therefore  be  expected  to  be  less 
subject  to  atmospheric  influences.  His  labours  in  this  direction  wore 
eventually  crowned  with  success ;  for  ho  found  in  the  bard  vulcanized 
india-rubber  (known  as  ebonite  or  vulcanite)  a  dielectric  material 
excellently  adapted  to  the  construction  of  the  frictional  apparatus ; 
while  by  employing  a  sheet  of  vulcanized  india-rubber  coated  with 
tinfoil  and  compactly  relied  up,  he  obtained  without  the  use  of  glass 
a  powerful  condenser,  or  Leyden  jar  arrangement.  The  improved 
machines  were  constructed  in  a  very  compact  form  (with  cases  ex- 
cluding all  the  working  parts  from  direct  exposure  to  air)  by  Messrs. 
Siemens  of  Berlin  and  Lenoir  of  Vienna,  who  exhibited  specimens  in 
England  in  1862,  at  which  tiino  the  electric  machine  had  already 
rccoived  important  applications  in  the  Austrian  service,  and  had  been 
regularly  adopted  for  military  uses.  Baron  Ton  Ebner  had  also,  from 
the  commencement  of  the  Austrian  experiments,  laboured  assiduously 
at  the  production  of  an  efficient  fuze  to  bo  used  with  electricity  of 
tension  ;  and  the  Austrian  service  is  indebted  to  him  for  a  simple  and 
thoroughly  serviceable  fuze,  which,  as  regards  the  arrangement  of  its 
poles  and  the  character  of  the  igniting  composition,  may  be  said  to 
combino  the  principles  of  the  Statham  and  Abel  fuzes.     T" 

than  the  present  English  service  electric  fuze,  a  very  eon- 
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sidersble  number  may  be  exploded  in  simple  circuit  by  the  ebonite 
electric  machine.  The  power  of  this  apparatus  in  its  portable  form  is 
nearly  equal  to  that  of  die  hydro-electric  apparatus  just  now  referred 
to,  when  the  latter  is  in  perfect  working  order.  A  far  greater  number 
of  mines  may  therefore  be  simultaneously  exploded  by  its  means 
than  by  very  large  batteries  or  by  the  most  powerful  magneto-electric 
machines  hitherto  constructed.  One  hundred  of  Abels  fuzes  have 
frequently  been  simultaneously  exploded  with  one  of  the  portable 
machines,  and  still  greater  results  can  be  obtained  with  a  larger 
instrument  having  a  battery  of  condensers,  which  was  specially  con- 
structed for  submarine  operations  by  Mr.  Becker,  at  the  suggestion  of 
Captain  Maury.  In  very  damp  weather,  when  the  most  perfect  glass 
electric  machines  would  have  been  useless  unless  housed  in  a  warm 
apartment  from  which  the  external  air  was  as  much  as  possible 
excluded,  these  ebonite  machines  have  been  used  from  time  to  time 
throughout  the  day  with  very  satisfactory  results. 

Another  important  advantage  which  these  instruments  possess 
over  magneto-electric  machines  consists  in  the  fact  that  very  consi- 
derable defects  in  the  insulation  of  even  submerged  conducting  wires 
do  not  so  greatly  reduce  the  power  of  the  current  furnished  by  them  as 
to  interfere  with  the  accomplishment  by  its  agency  of  the  most  extensive 
operations  under  water  which  are  likely  to  occur  in  practice.  Unfor- 
tunately, however,  the  very  circumstance  which  constitutes  its  chief 
advantage,  namely,  the  powerful  character  of  the  current  of  high 
tension  with  which  it  charges  an  insulated  wire,  is  also  a  source  of 
serious  defect,  to  be  presently  noticed,  which  very  greatly  limits  the 
applicability  of  these  machines  to  naval  and  military  purposes. 

A  class  of  electrical  instruments  has  been  created  within  the  last 
three  years  which  bids  fair  to  supplant  even  these  very  powerful  and 
efficient  frictional  machines.  The  instruments  in  question,  of  which 
different  forms  have  been  devised  by  Wheatstone,  Wilde,  Siemens, 
and  Ladd,  have  received  the  generic  name  of  dynamo-electric  ma- 
chines, because  dynamic  force  becomes  through  their  agency  a  direct 
and  powerful  source  of  electricity.  In  the  machines  of  Siemens, 
Wheatstone,  and  Ladd,  mechanical  power  is  transformed  into  electric 
force  without  the  intervention  of  permanent  magnets.  The  action 
of  the  most  simple  form  of  these  instruments  may  be  described  as 
follows : — The  residual  magnetism  existing  in  an  electro-magnet 
suffices  to  develop  an  induced  current  in  a  rapidly-revolving  coil- 
armature  ;  this  current,  reacting  upon  the  electro-magnet,  determines 
the  development  of  powerful  magnetism  in  the  latter  by  the  inductive 
action  of  its  insulated  coils ;  the  currents  developed  by  the  electro- 
magnet are  consequently  in  their  turn  greatly  increased  in  power,  and 
react  again  upon  the  armature  ;  and  thus  an  immense  accumulation  of 
electric  force  is  accomplished  with  great  rapidity  until,  when  that 
accumulation  has  reached  the  maximum  attainable  without  detriment 
to  the  insulation  of  the  wire-coils,  a  simple  interrupting  arrangement 
causes  the  current  to  be  diverted  from  the  machine  to  conducting- 
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wires,  by  whose  medium  it  is  utilized.  The  details  of  the  machines 
vary  according  to  the  different  plans  adopted  by  the  several  con- 
structors, but  the  above  explanation  applies  more  particularly  to  the 
machines  ef  Messrs.  Siemens  and  Halske,  who  have  been  the  first  to 
produce  a  small  instrument  of  this  class  thoroughly  applicable  to 
mining  purposes,  and  which  almost  equals  in  power  the  ebonite  fric- 
tional-elcctric  machine.  Fifty  charges,  arranged  in  simple  circuit, 
have  been  repeatedly  exploded,  without  any  failures,  by  one  of  these 
machines;  it  therefore  provides  with  certainty  the  power  necessary 
for  the  most  extensive  mining  or  submarine  operations,  and  is  at  the 
same  time  quite  free  from  all  disturbing  atmospheric  influences.  Its 
mechanism  is  simple,  and  less  easily  susceptible  of  derangement  than 
that  of  any  magneto  electric  apparatus,  and  as  it  is  independent  of 
everything  but  the  application  of  manual  power  for  the  development 
of  its  action,  it  is  far  superior  to  the  most  perfect  of  these,  indepen- 
dently of  the  fact  that  it  surpasses  them  all  greatly  in  power.  For 
many  important  military  and  mining  operations  the  hand  dynamo- 
electric  machines,  constructed  by  Messrs.  Siemens  and  Halske,  are 
therefore  unquestionably  superior  to  all  other  existing  apparatus  which 
furnish  electricity  of  tension.  This  class  of  instrument,  however, 
shares,  to  some  extent  at  any  rate,  one  important  defect  of  the  fric- 
tional-clectric  machines,  which  is  consequent  upon  the  powerful 
charges  of  high-tension  electricity  sent  into  conducting  wires  by 
their  agency.  It  was  observed,  in  the  earlier  experiments  of  the 
Austrians  with  fractional  electricity,  that  if  two  or  more  insulated 
wires  which  led  to  distinct  mines  were  situated  side  by  side,  in 
moderately  close  proximity,  even  only  for  comparatively  short  dis- 
tances, the  charge  sent  from  the  machine  into  one  of  the  wires,  with 
the  view  of  only  exploding  a  particular  mine  or  series,  might  develop 
in  neighbouring  wires,  not  connected  with  the  machine,  a  charge  of 
induced  electricity  of  sufficient  power  to  explode  the  mines  connected 
with  those  wires.  Some  results  obtained  at  Chatham,  and  many 
experiments  recently  instituted  at  Woolwich,  have  not  only  confirmed 
those  observations  in  Austria,  but  have  shown  that  means  do  not  at 
present  exist  of  avoiding  this  serious  defect  of  powerful  charges  of 
high  tension.  If,  therefore,  it  is  necessary  to  lead  separate  wires  from 
the  point  of  operation  (from  the  exploding  instrument)  to  different 
mines  or  groups  which  it  is  desired  to  explode  independently  of  each 
other,  it  is  impossible  to  employ  the  frictional  electric  machine  as  the 
exploding  agent  without  great  risk  of  failure,  even  though  the  wires,  laid 
upon  or  iinbodded  in  earth,  aro  separated  as  widely  as  possible,  as  they 
must  unavoidably  extend  in  proximity  to  each  other  to  a  distance  from 
their  points  of  union  with  the  machine,  which,  if  the  latter  bo  highly 
charged,  may  prove  sufficient  to  determine  the  development  of  in- 
duced "  exploding  "  currents  in  the  wires  leading  to  mines  not  intended 
to  bo  fired.  If  the  wires  lead  to  submarine  mines  or  torpedoes,  and 
are  therefore  submerged,  the  unintentional  explosion  of  mines  becomes 
much  more  certain,  and  the  frictional  machine  is  consequently  inap- 
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plicable  to  submarine  operations  in  all  instances  where  mines  are 
arranged  in  separate  circuits.  The  dynamo-electric  machines  share 
this  serious  defect  to  some  extent ;  still,  with  proper  experience  in  their 
use,  they  are  not  altogether  inapplicable  to  such  services  as  above 
specified.  If  Siemens'  dynamo-electric  machine  be  highly  charged 
by  very  rapid  revolutions  of  the  armature,  the  inductive  action  of 
the  charge  will  be  similar  in  power  to  that  exerted  by  the  charge  of  the 
frictional  machine,  but  by  revolving  the  armatures  slowly  it  is  pos- 
sible to  charge  the  machine  sufficiently  to  fire  a  mine  or  a  small  group 
with  certainty,  while  the  inductive  action  of  the  charge  sent  into  the 
wire  will  not  influence  neighbouring  wires  to  an  extent  sufficient  to 
cause  the  explosion  of  mines  connected  with  them. 

The  subject  of  the  application  of  electricity  to  the  explosion  of 
submarine  mines  for  purposes  of  defence  and  attack  received  some 
attention  from  the  Russians  during  the  Crimean  war,  and  was  prac- 
tically developed  in  its  most  simple  form  in  1859,  in  the  hands  of  the 
Austrian  government,  when  a  system  of  submarine  mines,  to  be  fired 
through  the  agency  of  electricity  by  operators  on  shore,  was  applied 
by  Baron  von  Ebner  to  the  defence  of  Venice,  which,  however,  never 
came  into  practical  operation.  The  subject  of  the  utilization  of 
electricity  for  purposes  of  defence  did,  however,  not  receive  serious 
consideration  in  England  or  other  countries  until  some  years  after- 
wards, when  the  great  importance  of  submarine  mines  as  engines  of 
war  was  demonstrated  by  the  number  of  ships  destroyed  and  injured 
during  the  war  in  America.  Twenty-five  vessels  belonging  to  the 
Federal  navy  were  destroyed  and  nine  others  injured  by  the  explosion 
of  torpedoes,  while  the  Confederates  lost  three  vessels  by  accidentally 
coming  into  collision  with  their  own  torpedoes,  and  one  which  was 
attacked  by  means  of  a  torpedo  and  destroyed  by  the  Federals. 

Soon  after  the  commencement  of  that  war  the  attention  of  the 
Tfaigliah  government  was  called  to  the  importance  of  practical  inquiry 
into  the  value  of  submarine  obstructions,  both  passive  and  active,  as 
auxiliary  agonts  of  defence,  and  a  Committee  was  appointed  at  the 
suggestion  of  Colonel  Jervois,  C.B.,  RE.,  to  report  on  the  use  which 
might  be  made  of  floating  or  sunken  obstructions  and  of  submarine 
mines,  in  the  defence  of  channels,  harbours,  and  rivers.  The  labours 
of  this  Committee  have  recently  terminated,  and  they  were  enabled,  by 
the  aid  of  systematic  investigations  conducted  for  them  at  Woolwich 
during  the  last  four  years  by  one  of  their  members,  Mr.  Abel,  and  of 
practical  experiments  carried  on  chiefly  at  Chatham  under  the  direc- 
tion of  another  of  their  body,  Colonel  A.  a'C.  Fisher,  C.B.  R.E.,  to 
elaborate  the  subject  of  the  application  of  electricity  to  submarine 
mines  and  torpedoes,  to  such  an  extent  that  a  solid  foundation  of 
information  and  instruction  is  now  available  for  those  who  may  at  any 
time  have  to  be  entrusted  with  the  actual  arrangement  and  employ- 
ment of  these  important  means  of  defence.  Continental  Governments 
have  also  devoted  much  attention  to  this  subject,  and  especially  the 
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Austrian  Government,  fur  whom  Baron  von  Elmer  devised  an 
uioiiH  anil  elaborate  system  of  electric  torpedo  defence,  exhibited  in 
detail  at  the  Paris  Exhibition  of  1867,  which  received  application 
■luring  the  recent  war,  though  its  efficiency  was  not  actually  put  to 
the  test  except  in  the  way  of  experiment. 

The  application  of  electricity  to  the  explosion  of  torpedoes  was 
very  limited  during  the  American  war  ;  but  arrangements  for  the  ex- 
tensive employment  of  that  agent  as  the  exploding  power  were  far 
advanced  in  the  hands  of  both  the  Federals  and  Confederates  at  the 
close  of  that  war.  It  appears  tbut  only  in  two  instances  of  the  entire 
number  of  vessels  destroyed  and  injured  was  the  explosion  of  the 
torpedoes  (.'fleeted  by  electric  arrangements,  the  others  having  all  been 
exploded  by  mechanical  agency. 

The  explosion  of  submerged  charges  of  gunpowder  by  mechanical 
contrivances,  either  of  a  self-acting  naturo  or  to  be  set  into  action  at 
desired  periods,  was  accomplished  as  far  back  as  1583,  during  the 
siege  of  Antwerp  by  the  Duke  of  Farina.  The  English  employed  self- 
acting  torpedoes  against  the  French  ships  off  Rochollo  in  1028,  and 
from  that  period  to  1851  devices  of  mure  or  less  ingenious  and  prac- 
ticable character  have  been  proposed  from  time  to  time,  and  even 
applied  to  some  small  extent  in  di  tie  rent  countries,  for  the  explosion 
of  torpedoes  either  by  clockwork,  at  fixed  periods,  or  by  coming  into 
collision  with  a  ship.  The  Russians  were  the  first  to  apply  self-acting 
mechanical  torpedoes  with  any  prospect  of  success,  and  there  is  little 
doubt  that  had  tho  machines  which  were  applied  to  the  defence  of  the 
Baltic  been  of  larger  size  (they  only  contained  8  or  9  lbs.  of  gun- 
powder), their  presence  would  have  proved  very  disastrous  to  some  of 
the  English  ships  which  came  into  collision  with  and  exploded  them. 
Various  mechanical  devices  for  effecting  the  explosion  of  torpedoes 
by  their  collision  with  a  ship  were  employed  by  the  Americans  during 
the  recent  war,  a  few  of  which  proved  very  effective-.  But  although, 
in  point  of  simplicity  and  cost,  a  system  of  defence  by  means  of 
mechanical  torpedoes  possesses  decided  advantages  over  any  extensive 
arrangements  for  exploding  submarine  mines  by  electric  agency,  their 
employment  is  attended  by  such  considerable  risk  of  accident  to 
those  at  whose  hands  they  receive  application  that,  under  many  circum- 
stances which  are  likely  to  occur,  Ibey  become  almost  as  great  a  source 
of  danger  to  friend  as  to  foe.  Thus  the  operations  of  lowering  and 
mooring  torpedoes,  the  explosion  of  which  depends  upon  the  application 
of  a  blow,  thrust,  or  pull  to  some  portion  of  the  machine,  which  is  so 
placed  and  arranged  as  to  be  in  a  favourable  position  for  the  applica- 
tion of  mechanical  action  by  a  passing  ship,  are  attended  with  very 
great  danger  to  those  employed,  unless  some  means  are  adopted  for 
rendering  the  exploding  mechanism  inactive  until  after  the  torpedo 
has  been  placed  in  position.  But  the  employment  of  a  safeguard  of 
this  kind  involves  a  considerable  amount  of  uncertainty  as  to  the 
torpedo  being  rendered  active  by  its  removal  after  the  operation  of 
iiioorin<_'  is  completed,  because   this  very  remnvnl  is  i'p.jiienlly  a  dan- 
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gerous  operation.  Again,  when  once  the  mechanical  torpedoes  have 
been  placed  in  position  and  rendered  active,  they  are  as  dangerous  to 
friendly  ships  as  to  the  enemy ;  consequently  their  employment  for 
the  defence  of  a  particular  tract  of  water  completely  closes  it  until 
the  torpedoes  have  been  exploded  or  removed,  and  their  removal 
obviously  constitutes  one  of  the  most  dangerous  services  upon  which 
men  can  be  employed.  Several  instances  have  recently  occurred  in 
America  of  the  destruction  of  ships  in  waters  defended  during  the  war 
by  mechanical  torpedoes,  of  which  it  was  believed  that  the  subsequent 
removal  had  been  completely  accomplished.  Some  improvements 
have  recently  been  made  in  mechanical  and  chemical  appliances  of  a 
self-acting  nature  for  torpedoes,  by  the  employment  of  which  the 
mooring  arrangements  can  be  completed  with  perfect  safety,  and  the 
torpedoes  afterwards  rendered  active,  by  the  performance  of  a  simple 
and  safe  operation  when  it  is  desired  to  close  the  defended  water. 
But  the  complete  exclusion  of  friendly  vessels,  and  the  difficulties 
attending  the  raising  of  the  torpedoes  when  no  longer  required,  still 
constitute  formidable  objections  against  the  use  of  mechanical  tor- 
pedoes, excepting  in  the  case  of  tracts  of  water  which  are  not  ordi- 
narily navigated,  but  the  passage  of  which  in  times  of  war  might  be 
attempted  by  vessels  of  light  draft. 

The  most  important  advantages  secured  by  the  application  of 
electricity  as  the  exploding  agent  of  submarine  mines  and  torpedoes 
are  as  follows : — They  may  be  placed  in  position  with  absolute  safety 
to  the  operators ;  they  may  be  rendered  active  or  passive  at  any  moment 
from  the  shore ;  the  waters  which  they  are  employed  to  defend  are 
therefore  never  closed  to  friendly  vessels  until  immediately  before  the 
approach  of  an  enemy ;  they  can  be  fixed  at  any  depth  beneath  the  sur- 
face (while  mechanical  torpedoes  must  be  situated  directly  or  nearly 
in  the  path  of  a  passing  ship),  a  circumstance  which  very  considerably 
simplifies  the  arrangements  for  their  application  in  tidal  waters ;  lastly, 
electric  torpedoes  may,  when  no  longer  required,  be  removed  with  as 
much  safety  as  attended  their  application. 

There  are  two  distinct  systems  of  applying  electricity  to  the 
explosion  of  torpedoes.  The  most  simple  is  that  in  which  the  ex- 
plosion of  a  torpedo  is  made  dependent  upon  the  completion  of  the 
electric  circuit  by  operators  stationed  at  one  or  more  posts  of 
observation  on  shore.  The  particular  mode  of  arrangement  and  the 
operation  to  be  adopted  depend  in  great  measure  upon  the  nature 
of  the  locality  to  be  defended  by  torpedoes.  If  this  be  a  river  or 
channel,  the  plan  of  arranging  and  exploding  torpedoes  is  compa- 
ratively simple,  but  will  serve  sufficiently  to  illustrato  the  general 
nature  of  this  system  of  applying  torpedoes.  The  mines  are  arranged 
across  the  river  or  channel  in  rows  or  lines,  converging  towards  a 
station  on  shore,  to  which  the  conducting  wires  aro  led  which  are  to 
connect  each  torpedo  with  the  exploding  instrument.  The  operator 
at  this  station  has  it  in  his  powor,  therefore,  to  oxplode  any  one  of  the 
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torpedoes  at  will,  by  completion  of  the  circuit  through  the  particular 
cable  and  the  earth.  Some  other  position  on  shore  is  selected  as  a 
second  station,  which  commands  points  of  view  intersecting  the  lines 
of  torpedoes.  The  operators  at  the  two  stations  are  placed  in  tele- 
graphic communication  with  ench  other,  and  when  a  ship  is  observed 
by  the  operator  at  the  second  station  to  approach  in  the  direction  of 
any  one  of  the  torpedoes,  he  will  signal  to  the  man  who  looks  along 
this  line  of  torpedoes,  anil  the  latter  will  complete  circuit  as  soon  as 
the  vessel  appears  over  the  particular  torpedo  specified.  Should  the 
vessel  alter  her  course  in  approaching  flic  torpedoes,  tlio  operator  at 
the  observing  station  will  inform  the  roan  at  tho  firing  station,  who 
will  alter  his  arrangements  neeurdingly.  Or,  the  man  at  the  observing 
station,  when  he  perceives  a  vessel  to  approach  in  a  line  with  any  of 
the  torpedoes,  places  the  cable  of  that  torpedo  in  electric  connection 
with  the  operator  at  the  other  station,  and  the  latter  will  complete 
the  circuit  through  the  earth  to  the  torpedo  as  soon  as  he  sees  that  the 
vessel  is  over  the  first  line  of  torpedoes.  Other  more  or  less  elaborate 
mod  ideations  of  these  modes  of  observing  and  exploding  have  been 
proposed  j  they  all  depend  for  efficiency  upon  the  experience,  har- 
monious action,  and  constant  vigilance  of  the  operators  at  the  exploding 
and  observing  stations.  They  aro,  moreover,  entirely  useless  at  night, 
and  in  any  but  clear  weather.  They  are  therefore  not  to  be  compared, 
in  general  officioncy,  with  self-acting  electric  torpedoes,  which  are 
either  exploded  by  their  collision  with  a  ship,  whereby  electric  circuit 
is  completed  within  them,  or  by  the  vessel  striking  a  circuit-closing 
arrangement  moored  near  the  surface  of  the  water,  whereupon  either 
the  torpedo,  moored  at  some  depth  beneath,  is  instantly  exploded,  or 
a  signal  is  furnished  at  tho  station  on  shore,  which  indicates  to  an 
operator  the  particular  torpedo  to  bo  exploded.  The  object  to  be 
attained  in  these  e ire uit-e losing  apparatus,  which  are  so  moored  as  to 
be  within  range  of  a  passing  ship,  is  to  oppose  in  the  path  of  a  vessel 
a  contrivance  which  will  not  be  affected  by  the  motion  of  the  water, 
but  which  will  complete  electric  circuit  between  the  conducting  cable 
and  tho  fuze,  if  struck  in  somo  particular  part,  or  thrown  into  ■ 
particular  position,  by  the  advancing  ship.  Numerous  ingenious 
contrivances  have  been  proposed  for  this  purpose  and  experimented 
with,  but  in  only  two  or  three  instances  have  satisfactory  results  been 
attained,  the  conditions  essential  to  success  being  numerous,  and  their 
combined  fulfilment  not  easy  of  attainment.  Simplicity  of  mechanism 
and  a  combination  of  sufficient,  but  not  oxeessive,  delicacy  of  action, 
with  permanence  during  long  immersion,  are  among  the  most  impor- 
tant objects  to  bo  aimed  at  in  the  construction  of  these  circuit  closing 
or  signalling  machines  or  self-acting  torpedoes,  which,  if  efficient, 
must  contribute  most  importantly  to  the  success  of  any  arrangement* 
for  defence  of  a  water  by  electric  torpedoes. 

It  has  been  shown  that  magneto-electric  instruments  cannot  be 
relied  upon  for  submarine  operations,  on  account  of  the  perfect  in- 
sulation of  the  conducting- wires,  joints,  &c.,  required  to  ensure  suocew 
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with  machines  of  that  class.  On  the  other  hand,  frictional  machines 
and  also  dynamo-electric  machines  leave  little  to  be  desired  as  regards 
power  to  effect  even  the  simultaneous  ignition  of  numerous  submarine 
mines,  through  cables  in  the  insulation  of  which,  from  long-continued 
use,  some  defects  exist.  These  instruments  therefore  are  available  as 
most  efficient  instruments  when  any  extensive  submarine  operations 
have  to  be  accomplished ;  but  the  frictional  machines  cannot  be  used 
as  the  exploding  agents  in  connection  with  any  system  of  defence  by 
torpedoes,  which  depends  for  its  efficiency  upon  the  explosion  at  the 
proper  moment  of  only  the  particular  torpedo  over  which  a  vessel 
passes,  while  all  surrounding  torpedoes  still  remain  intact ;  because,  for 
the  reason  which  has  been  given,  the  explosion  of  the  proper  torpedo 
will  almost  invariably  be  attended  by  the  accidental  explosion  of 
others  which  it  is  not  desired  to  bring  into  operation.  The  same 
objection  applies,  at  any  rate  to  some  extent,  to  the  dynamo-electric 
machines.  These  two  classes  of  instruments  are  therefore  only  sus- 
ceptible of  certain  special  applications  in  connection  with  submarine 
mines.  There  is,  moreover,  another  general  objection  to  the  use  of  any 
source  of  electricity,  the  action  of  which  is  entirely  dependent  upon 
an  operation  to  be  performed  at  the  instant  that  an  electric  discharge 
is  required.  This  consists  in  the  fact  that,  although  the  torpedoes  may 
be  self-acting,  their  efficiency  is  still  dependent  upon  the  vigilance  and 
presence  of  mind  of  an  operator  on  shore. 

The  only  sources  of  electricity  which  thoroughly  fulfil  the  conditions 
essential  to  its  application  with  perfect  confidence,  in  connection  with 
self-acting  torpedoes,  are  constant  voltaic  batteries.  By  substitution 
of  the  Abel  fuze  for  the  old  platinum- wire  fuze,  it  has  become  possible 
to  use  batteries  which  were  previously  inapplicable  to  the  explosion 
of  mines,  because,  even  when  employed  in  considerable  numbers,  the 
quantity  of  electricity  furnished  by  them  is  not  sufficient  to  effect  the 
ignition  of  platinum  wire.  Thus,  a  number  of  elements  of  a  Darnell's 
battery  or  a  sand  battery,  quite  incapable  of  heating  a  platinum  wire 
to  redness,  fires  an  Abel  fuze  with  perfect  certainty.  The  heat  developed 
in  the  latter  by  the  passage  of  a  current  from  such  a  battery  amply 
suffices  to  raise  to  its  igniting  point  the  readily  explosive  priming 
mixture  which  serves  as  the  conductor  in  the  fuze.  Moreover  the 
resistance  presented  by  the  fuze  is  so  considerable  in  comparison 
with  that  offered  by  the  longest  cables  which  are  likely  to  be  used  in 
actual  practice,  that  a  current  from  a  battery  which  possesses  tension 
sufficient  to  overcome  the  resistance  of  the  fuze  will  explodo  the  latter 
with  as  much  certainty,  through  cables  of  great  length,  as  when  it  is 
close  to  the  battery.  A  number  of  cells  of  a  Bunsen  battery,  sufficient 
to  ignite  a  piece  of  platinum  wire  several  inches  in  length,  when  close 
to  the  battery,  the  current  of  which  possesses  also  sufficient  tension 
to  ignite  an  Abel  fuze,  will  bo  incapable  of  rendering  a  very  short 
piece  of  thin  platinum  wire  even  moderately  warm,  if  four  or  five 
hundred  yards  of  ordinary  conducting-wire  be  introduced  into  circuit ; 
but  its  power  of  exploding  an  Abel  fuze  will  not  have  become  at  all 
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affected.  It  is  evident  from  this  illustration  that  the  necessity  for 
greatly  adding  to  battery- power,  when  mines  are  to  be  exploded  through 
considerable  lengths  of  wires,  which  exists  with  the  use  of  the  wire- 
fazes,  is  obviated  by  employing  the  new  faze;  and  thus  one  great 
objection  to  voltaic  batteries,  as  exploding  agents  in  mining  operations, 
is  set  aside.  Again,  the  sand  batteries,  or  Daniell  batteries,  which 
are  used  for  telegraphic  purposes,  and  which,  when  once  charged, 
continue,  with  very  little  attention,  in  constant  and  good  working 
action  for  several  months,  may  now  bo  substituted  for  the  batteries  (e.g. 
Grove's  or  Bunsen's)  which  it  was  formerly  necessary  to  employ  in 
order  to  attain  sufficient  quantity  of  current,  and  which  only  continue 
in  good  action  for  a  few  hours.  Sand  batteries  have  been  repeatedly 
employed  at  Woolwich  for  the  explosion  of  fuzes,  after  having  been 
in  action  four  or  five  months,  with  the  occasional  addition  of  a  little 
water  to  compensate  for  evaporation. 

It  will  be  seen,  from  the  foregoing,  that  constant  voltaic  batteries 
combine  more  thoroughly  the  essential  qualifications  of  efficient  ex- 
ploding agents,  in  connection  with  any  system  of  submarine  defence, 
than  all  other  sources  of  electricity  at  present  known.  They  are 
simple  of  construction,  inexpensive,  require  but  little  skill  or  labour 
in  their  production  and  repair,  and  very  little  attention  to  keep  them 
in  constant  good  working  order  for  long  periods.  Their  action  is 
quite  independent  of  any  operation  to  be  performed  on  shore  at  the 
last  moment ;  it  is  only  necessary  to  place  the  cables  leading  to  the 
torpedoes  in  connection  with  tho  battery  when  it  is  desired  to  close  a 
defended  water, — the  circuit-closing  portion  of  the  torpedo,  upon  being 
struck  by  a  ship  at  any  time,  will  then  cause  the  instantaneous  ex- 
plosion of  the  charge.  The  defence  by  torpedoes  thus  becomes  as 
effective  by  night  as  by  day ;  moreover,  tho  efficiency  of  the  constant 
batteries  is  not  more  prejudicially  affected  by  the  existence  of  defects 
in  tho  insulation  of  the  cables,  than  that  of  tho  frictional  electric 
machines ;  and  they  may  be  used  without  incurring  any  risk  of  the 
unintentional  explosion  of  torpedoes  by  induced  currents. 

Simple  and  powerful  forms  of  batteries  are  readily  extemporized, 
and  there  is  no  more  portable,  simple,  or  economical  description  of 
exploding  instrument  than  tho  ordinary  volta-pile,  for  the  construc- 
tion and  employment  of  which  it  is  only  necessary  to  provide  a  piece 
of  hard  timber,  some  zinc  and  copper  sheet,  an  old  blanket,  and  some 
vinegar  and  common  salt.  A  pile,  composed  of  120  elements,  the 
plates  being  2}  in.  diameter,  is  very  portable,  and  suffices  to  explode  a 
mine  in  single  circuit,  or  three  or  four  arranged  in  branch  circuit  It 
will  remain  in  good  action  for  at  least  twenty-four  hours,  and  is 
readily  and  expeditiously  cleaned  and  re-charged.  This  apparatus 
has  become  a  favourite  exploding  instrument  with  sailors,  being  easily 
constructed  and  charged  anywhere,  and  very  handy  for  boat-opera- 
tions (in  connection  with  the  employment  of  torpedoes  as  an  arm  of 
attack),  in  which  service  more  delicate  instruments  speedily  lose  in 
efficiency.     Larger  piles  constructed  on  precisely  the  same  plan  are 


1869.J  Dr.  A.  Crura  Brown  on  Chemical  Constitution.  495 

now  being  need  in  some  ships  of  war  for  the  simultaneous  discharge 
of  guns,  and  a  very  small  form  of  pile,  with  water  only  as  the  exciting 
agent,  is  the  most  convenient  instrument  for  testing  the  fuzes  and 
cables  of  torpedoes  after  they  are  in  position.  It  is  a  matter  of  great 
importance  that  a  positive  knowledge  of  the  efficiency  of  a  torpedo 
and  its  conducting  wire  should  be  obtained  from  time  to  time  by 
electric  tests,  and  there  is  now  no  difficulty  in  including  the  fuzes 
themselves  in  the  test.  Signals  may,  in  fact,  be  readily  passed  from 
one  firing  station  to  another  through  the  fuzo  in  a  submerged  torpedo, 
which  is  arranged  to  be  fired  at  will  from  the  shore. 

It  does  not  como  within  the  scope  of  this  discourse  to  enter  upon  a 
discossion  of  numerous  important  subjects  connected  with  the  actual 
use  of  electric  torpedoes,  or  of  the  considerations  involved  in  the 
question  as  to  how  these  formidable  agents  of  defence  may  be  most 
efficiently  applied,  in  addition  to,  or  in  the  absence  of,  artillery  de- 
fences. The  object  of  the  discourse  will  have  been  attained  if  it  has 
been  satisfactorily  demonstrated  that  electrical  science  is  destined  to 
contribute  most  invaluably  to  the  efficiency  of  a  country's  defences. 

[P.  A.  A.] 
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On  Chemical  Constitution,  and  its  Relation  to  Physical  and  Physiological 

Properties. 

Chemists  have  long  endeavoured  to  answer  the  question,  What  is  the 
relation  in  which  the  constituents  stand  to  one  another  in  a  com- 
pound ?  and  numerous  hypotheses  more  or  less  ingenious  have  been 
doviscd  for  this  purposo.  Two  of  these  modes  of  representing  chemi- 
cal phenomena  occupy  so  prominent  a  placo  in  the  history  of  the 
science  as  to  merit  special  notice,  even  in  so  slight  and  hurried  a 
sketch  as  this  must  be.  These  are,  1st,  the  Electro-chemical  and 
Radical  Theory;  and  2nd,  tho  Theory  of  Atomicity  and  Chemical 
Structure. 

Tho  first  was  the  product  of  the  genius,  learning,  and  laborious 
research  of  Bcrzelius ;  it  was  soon  adopted  by  all  chemists,  and  formed 
for  many  years  the  foundation  of  all  chemical  teaching  and  the  guide 
in  all  chemical  work.  The  point  of  view  from  which  it  regards  che- 
mical phenomena  is  that  of  combination  and  decomposition,  of  the 
union  of  elements  to  form  compounds  and  tho  separation  of  com- 
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pounds  into  elements.  A  very  important  form  of  chemical  decompo- 
sition is  electrolysis,  or  the  breaking  up  of  a  compound  by  means  of 
current  electricity.  From  the  nature  of  the  case  electrolysis  gives 
rise  to  a  dichotomous  decomposition,  and  this  duality  was  extended  to 
all  cases  of  combination  and  decomposition.  Elements  combine  with 
each  other  in  pairs ;  these  pairs  may  again  combine  in  pairs,  forming 
compounds  of  the  second  order,  and  so  on.  Thus  calcium  combines 
with  oxygen  to  form  lime,  sulphur  combines  with  oxygen  to  form  sul- 
phuric acid,  and  sulphuric  acid  combines  with  lime  to  form  sulphate 
of  lime.  This  union  of  compounds  with  compounds  was  not  supposed 
to  depend  on  a  union  of  the  constituents  of  the  one  with  the  con- 
stituents of  the  other,  but  to  be  a  combination  of  the  one  as  a  whole 
with  the  other  as  a  whole ;  not  a  combination  of  the  calcium  of  the 
lime  with  the  sulphur  or  with  the  oxygen  of  the  sulphuric  add,  or  of 
the  sulphur  of  the  sulphuric  acid  with  the  oxygen  of  the  lime,  but  of 
the  lime  as  such  with  the  sulphuric  acid  as  such. 

This  view  may  be  illustrated  by  a  reference  to  the  relations  of 
human  life.  Individuals  unite  to  form  partnerships  or  corporations, 
and  these  may  again  enter  into  alliances,  although  the  members  of  the 
one  allied  corporation  may  be  altogether  unacquainted  and  uncon- 
nected with  the  members  of  the  other. 

But  the  progress  of  discovery  brought  to  light  facts  which  seemed 
to  contradict  this  view  of  binary  combination.  Cases  were  observed 
in  which  a  compound  of  two  elements  united  directly  with  an  element, 
and  to  meet  this  new  class  of  facts  the  theory  was  modified  by  the 
introduction  of  the  notion  of  Radicals.  A  Radical  was  a  compound 
which  acts  like  an  element. 

The  simile  introduced  above  may  be  used  to  illustrate  this  exten- 
sion of  the  theory.  Some  combinations  of  men  (corporations}  can  be 
treated  as  individuals,  can  enter  into  legal  relations  with  individuals, 
while  others  cannot;  so  some  compounds  can  unite  with  elements, 
while  others  have  not  this  capability. 

The  Theory  of  Atomicity  regards  chemical  phenomena  from  an 
altogether  different  point  of  view.  In  it  the  various  substances  are 
considered  as  modifications  of  one  another  rather  than  as  compounds. 
The  rise  of  this  mode  of  viewing  chemical  phenomena  may  be  traced 
from  the  early  papers  by  Dumas,  and  by  Laurent,  on  Substitution.  It 
appears  more  prominently  in  the  position  given  to  double  decompo- 
sition as  the  representative  of  all  chemical  action,  by  Laurent  and 
Gerhardt,  in  the  types  of  Gerhardt  and  Williamson,  in  Frankland's 
tbeory  of  the  or gano -metallic  bodies,  and  in  its  extension  by  Eolbe  to 
the  compounds  of  carbon.  It  was  reserved,  however,  for  Kekule  to 
combine  these  ideas  into  a  consistent  theory.*     The  theory  has  been 


*  It  iti  right  to  observe  that  although  Kekule  has  used  this  theory  with  the 
moat  eminent  success,  both  in  the  explanation  of  facts  already  known,  and  in 
the  discovery  of  new  chemical  relations,  he  does  not  exclude  the  possibility  of  the 
union  of  compounds  with  each  other  to  form  compounds  of  a  second  order. 


1869.]  on  Chemical  Constitution.  497 

further  elaborated  by  Butlerow,  to  whom  wo  owe  the  name  "  Chemical 
Structure,"  by  Erlenmeyer,  and  by  many  others,  and  it  has  been 
adopted  and  applied  with  slight  modifications  by  almost  all  chemists 
engaged  in  organic  research. 

According  to  this  theory  the  typical  form  of  chemical  action  is 
what  we  may  call  the  chemical  exchange.  To  illustrate  this  idea  we 
may  consider  the  simplest  case ;  that  of  doable  decomposition  where 
two  molecules  act  on  one  another  to  produce  two  new  molecules. 

Chloride  of  sodium,  for  instance,  acts  on  nitrate  of  silver,  pro- 
ducing chloride  of  silver  and  nitrate  of  sodium.  Comparing  chloride 
of  sodium  and  chloride  of  silver,  we  at  once  see  that  while  there  are 
important  respects  in  which  the  sodium  and  the  silver  differ  as  to  the 
nature  of  their  union  with  chlorine  (thus  the  amount  of  work  required 
to  separate  the  metal  from  the  chlorine  is  very  different  in  the  two 
cases)  still,  from  one  point  of  view  (and  that  is  the  point  of  view  taken 
by  the  atomicity  theory),  tho  silver  may  be  said  to  replace  or  to  be 
substituted  for  the  sodium.  In  the  same  way  a  cup  filled  with  mercury 
is  very  different  from  the  same  cup  filled  with  water ;  and  the  relation 
of  the  mercury  to  the  cup  differs  in  many  respects  (such  as  pressure 
and  adhesion)  from  the  relation  of  the  water  to  the  cup ;  but  they 
agree  in  this,  that  the  cup  is  filled  in  both  cases.  In  the  same  way  the 
chlorine  is  said  to  be  saturated  by  the  sodium  or  the  silver,  although 
the  intimacy  or  firmness  of  the  combination  is  not  the  same  in  the 
two  cases. 

We  may  also  consider  this  double  decomposition  from  the  other 
side.  As  tho  silver  and  sodium  have  changed  places,  so  the  chlorine 
has  changed  place  with  the  rest  of  the  nitrate  of  silver — with  what  in 
the  nitrate  of  silver  is  not  silver;  or,  representing  the  action  in  symbols 
(NaCl  +  AgNO,  =  AgCl  +  NaNO.)  CI  and  NO,  have  changed  places. 
In  this  example  we  have  one  atom  or  group  replacing  one  other 
atom  or  group;  but  all  cases  of  double  decomposition  are  not  of  so 
simple  a  kind.  Thus,  when  water  is  treated  with  pentachloride  of 
phosphorus  we  find  that  one  atom  of  oxygen  (from  the  water)  replaces, 
and  is  replaced  by,  two  atoms  of  chlorine  from  the  pentachloride; 
thus,  PC15  +  H,0  =  PC1,0  +  2  HC1.  So  that  while  the  two  atoms 
of  hydrogen  were  formerly  united  to  one  atom  of  oxygen  and  formed 
with  it  one  molecule,  they  are,  after  the  change,  each  united  to  a 
separate  atom  of  chlorine  and  form  with  them  two  molecules. 

Oxygen,  therefore,  in  this  case  (and,  as  far  as  we  know,  in  all 
cases)  enters  into  two  relations,  while  hydrogen,  chlorine,  silver,  and 
sodium  only  enter  into  one.  In  a  similar  way  it  has  been  shown  that 
the  different  elements  have  different  "  atomicities "  or  enter  into 
different  numbers  of  relations.  It  is  to  this  "  polyatomicity,"  or 
multiple-r elatedness,  that  the  complexity  of  compounds  is  due ;  for  it 
is  obvious  that  by  the  union  together  of  sevoral  multiply- related  atoms 
a  very  complicated  structure  may  be  produced. 

In  the  case  of  a  compound  containing  only  two  atoms,  such  as 
chloride  of  sodium,  there  is  clearly  only  one  way  in  which  it  can 
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break  into  residues ;  but  a  complex  substance  containing  many  atoms 
may,  and  generally  does,  break  in  different  ways  when  acted  on  by 
different  substances ;  and  it  is  by  the  study  of  these  ways  of  decom- 
position of  a  substance,  and  by  the  study  of  the  ways  in  which  by 
means  of  double  decomposition  it  can  be  produced,  that  we  arrive  at  a 
knowledge  of  its  structure,  that  is,  of  the  mutual  relation  of  its  atoms. 

But  the  multiple-relatedness  of  some  atoms  produces  a  farther 
complication,  producing  a  kind  of  chemical  action,  which,  while  still  a 
chemical  exchange,  cannot  be  called  double  decomposition.  In  double 
decomposition  we  saw  that  each  molecule  breaks  into  residues  which 
change  places  with  the  residues  of  the  other  molecule,  and  that  this 
breaking  into  residues  results  from  the  rupture  of  one  or  more 
relations  between  pairs  of  atoms.  But  where  we  have  multiply- 
related  atoms,  it  may  happen  that  such  a  rupture  takes  place  without 
a  separation  of  the  residues,  these  being  retained  in  combination  by 
some  other  relation  of  their  multiply-related  atoms.  To  illustrate 
this  we  may  compare  the  action  of  anhydrous  potash,  K,0,  and  of 
anhydrous  lime,  CaO,  on  water. 

Using  graphic  formulas,  we  have  in  these  two  cases : — 


+    (a>|<oHi)    = 
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Here  the  dotted  lines  indicate  the  relations  ruptured ;  and  it  will 
be  seen  that,  while  in  the  first  case  the  rupture  produces  a  separation 
into  two  residues,  in  the  second  case  it  does  not ;  what  would  other- 
wise be  residues  remaining  united,  on  account  of  the  double-relatedness 
of  the  calcium  atom. 

From  this  examination  of  chemical  exchange,  it  will  be  obvious 
that  no  operation  of  this  kind  can  produce  a  change  in  the  "atomicity" 
of  an  atom ;  for,  for  every  relation  ruptured,  a  new  one  is  entered  into. 
But  we  have  no  reason  to  suppose  that  all  chemical  action  is  of  this 
kind ;  and  there  are  numerous  phenomena  which  it  is  very  difficult 
to  explain,  except  by  the  assumption  that  there  is  another  kind  of 
chemical  action,  in  which  the  number  of  relations  of  an  atom  is 
increased  or  diminished.  Such  actions  are  those  by  which  we  pass 
from  one  series  of  compounds  to  another.  Thus  the  ferrous  salts  are 
connected  together  by  processes  of  exchange ;  but  it  is  only  by  making 
now  hypotheses  that  we  can  thus  explain  the  passage  from  the  ferrous 
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to  the  ferric  salts.  Similar  relations  exist  between  the  manganons 
salts,  the  manganic  salts,  the  mangonates,  and  the  permanganates,  where 
a  consideration  of  each  group,  apart  from  the  others,  would  lead  us  to 
a  different  atomicity  for  manganese ;  and  many  other  examples  might 
be  given  of  the  same  kind.  The  speaker  considered  it,  in  the  mean 
time,  to  be  better  to  regard  each  such  series  separately,  rather  than,  by 
an  attempt  to  bring  all  chemical  processes  under  one  class,  to  endanger 
the  stability  of  the  theory  of  chemical  structure  which,  while  it  is 
probably  not  destined,  in  its  present  form,  to  remain  as  a  permanent 
part  of  the  great  edifice  of  the  science,  is  certainly  a  most  convenient 
scaffolding,  not  easy  to  replace,  and  not  hastily  to  be  thrown  down. 

Having  thus  seen  what  is  meant  by  chemical  structure,  and  how 
we  arrive  at  a  knowledge  of  it  by  a  study  of  the  history  of  the  sub- 
stance, of  the  ways  in  which  it  may  be  formed  and  in  which  it  may  be 
decomposed ;  we  may  now  glance  at  the  relations  which  exist  between 
the  chemical  structure  of  a  substanco  and  its  physical  and  physiological 
properties.  Wo  shall  consider  specially  two  of  the  physical  characters 
of  matter,  volatility  and  colour,  and  examine  in  what  way  these  aro 
modified  by  the  performance  upon  the  substance  of  certain  specified 
chemical  operations.  Tho  volatility  of  a  substance  depends  upon  two 
things : — 1st,  the  temperature  at  which  tho  substance  boils  under  a 
particular  pressure ;  and,  2nd,  the  change  of  boiling-point  produced  by 
a  change  of  pressure.  In  order,  therefore,  fully  to  know  the  volatility 
of  a  substance,  its  boiling-point  must  be  determined  through  a  very 
great  range  of  pressure.  This  involves  great  labour ;  and  only  a  few 
substances  have  been  thus  fully  examined.  Almost  all  we  know  on 
this  interesting  question  is  due  to  the  ingenious  and  patient  experi- 
ments of  Regnault.  These  do  not,  as  yet,  furnish  us  with  sufficient 
data  to  enable  us  to  deduce  anything  like  a  law.  They  show  us,  how- 
ever, that  a  more  comparison  of  boiling-points  under  an  arbitrarily- 
selected  pressure  (such  as  7G0  millimetres,  which  happens  to  be  the 
mean  pressure  of  the  atmosphere)  cannot  lead  us  to  a  law,  as  the 
boiling-points  of  two  substances  are  frequently  changed  very  un- 
equally by  a  change,  of  pressure. 

Such  comparisons  of  boiling-points  havo  been  made,  and  from 
them  have  been  deduced,  especially  by  Kopp,  a  series  of  very  interest- 
ing, and  certainly  not  fortuitous  coincidences.  That  distinguished 
chemist  and  physicist  has  shown  that,  in  a  very  large  number  of 
instances,  tho  samo  change  of  chemical  structure  produces  nearly  tho 
same  change  of  boiling-point.  These  "laws''  of  Kopp  aro  only 
approximate,  and  aro  not  even  approximate  in  the  cases  where  the 
boiling-points  of  tho  substances  compared  aro  very  differently  changed 
by  change  of  pressure. 

Turning  to  tho  other  physical  character  which  has  been  men- 
tioned, namely  colour,  we  seo  at  once  a  marked  regularity.  As  a 
rule,  substances  belonging  to  tho  samo  series  differ  from  ono  another 
in  degree  rather  than  in  kind  of  colour ;  while  in  passing  from  ono 
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series  to  another,  we  observe  that  the  colour  undergoes  a  total  change 
of  character.  This  is  well  illustrated  by  comparing  the  colours  of 
substances  belonging  to  such  series  as  the  ferrous  salts,  the  ferric 
salts,  the  ferrates;  the  manganous  salts,  the  manganic  salts,  the 
manganates  and  the  permanganates;  the  cuprous  and  cupric  salts, 
the  chromous  and  chromic  salts,  the  chromates  and  perchromic  acid. 
Possibly  such  changes  of  colour  as  we  see  in  the  transformation  of 
rosaniline  and  its  derivatives  into  leukaniline  and  analogous  bodies, 
and  of  blue  into  white  indigo,  may  be  cases  of  the  same  kind.  It  is 
also  interesting  to  note,  that  while  the  nitro-substitution  products  of 
the  aromatic  series  are  generally  yellow,  all  the  known  substances 
of  the  same  kind  in  the  fatty  series  are  colourless. 

These  considerations  of  colour  would  naturally  incline  us  to 
regard  the  operations  which  lead  from  one  series  to  another  as  different 
in  kind  from  those  which  lead  from  one  member  to  another  of  the 
same  series ;  and  when  wo  examine  the  physiological  action  of  bodies 
of  the  same,  and  of  different  series,  this  impression  is  greatly 
strengthened. 

The  speaker  described  in  some  detail  a  few  of  the  observations 
made  within  the  last  two  years  by  Dr.  T.  R.  Fraser  and  himself, 
pointing  out  the  similarity  of  the  action  of  substances  belonging  to 
the  same  series,  and  the  remarkable  change  of  physiological  action 
produced  by  those  chemical  changes  which  lead  from  one  series  to 
another.  The  illustrations  were  drawn  from  the  natural  alkaloids — a 
group  of  substances  containing  trebly-related  nitrogen,  and  those 
derivatives  of  the  alkaloids  which  contain  fivefold-related  nitrogen. 
It  was  shown  that  the  salts  of  the  alkaloids,  although  containing  five- 
fold-related nitrogen,  were  not  adapted  for  this  comparison,  on  account 
of  the  readiness  with  which  they  lose  acid  in  the  presence  of  alka- 
line substances,  their  nitrogen  thus  returning  to  the  trebly-related 
condition.  The  bodies  formed  by  the  addition  of  a  compound  of 
methyl  have  not  this  disadvantage;  and  as  the  nitrogen  in  them  is 
permanently  fivefold-related,  their  physiological  action  may  be  satis- 
factorily compared  with  that  of  the  alkaloids  themselves. 

The  experiments  leading  to  a  knowledge  of  the  action  of  strychnia 
and  of  the  salts  of  methyl-strychnium  were  described;  and  it  was 
shown  that  while  the  former  acts  by  exciting  the  origins  of  the  motor 
nerves  in  the  spinal  cord,  the  latter  act  by  diminishing  the  action  and 
ultimately  paralyzing  the  terminations  of  the  same  nerves  in  the 
muscles.  Similar  relations  exist  between  brucia  and  methyl-brucium, 
thebaia  and  the  salts  of  methyl-thebaium,  morphia  and  the  salts  of 
methyl-morphium,  &c.  Indeed,  it  may  be  stated  generally  that,  as  far 
as  observation  goes,  compounds  of  trebly-related  nitrogen  exert  an 
action  totally  different  in  kind  from  similar  compounds  of  fivefold- 
related  nitrogen,  that  a  similar  difference  exists  between  the  triatomio 
and  pentatomio  compounds  of  other  members  of  the  nitrogen  family, 
and  that  this  principle  appears  to  be  of  still  wider,  and  probably 
general,  application. 
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The  speaker,  in  conclusion,  drew  attention  to  the  peculiar  interest 
attaching  to  those  regions  of  science  which  lie  on  the  frontiers 
between  two  distinct  departments,  as  on  their  successful  exploration 
would  depend  the  ultimate  fusion  of  all  physical  sciences  into  one,  the 
science  of  dynamics,  the  science  which  treats  of  matter  and  energy, 
and  their  relations  to  one  another.  Such  a  fusion  is  probably  very 
remote ;  but  we  now  see  in  the  border-land  between  chemistry  and 
physics  that  slow  process  of  absorption  going  on  which  has  already 
converted  the  once  independent  sciences  of  sound,  light,  heat,  elec- 
tricity, and  magnetism  into  more  or  less  completely  subjugated  pro- 
vinces of  the  great  empire  of  applied  mathematics.  If  we  believe  in 
the  unity  of  the  plan  of  creation  we  must  believe  that  this  process  will 
advance  and  ultimately  triumph. 

[A.  C.  B.] 
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Sib  Henry  Holland,  Bart.  MJD.  D.C.L.  F.B.S.  Presidont, 

in  tho  Chair. 

William  B.  Carpenter,  M.D.  V.P.B.S. 

On  the  Temperature  and  Animal  Life  of  the  Deep  Sea. 

The  results  of  recent  inquiries  into  the  condition  of  the  abyssal 
depths  of  the  Ocean,  tend  to  prove: — that  notwithstanding  their 
apparently  profound  stillness,  undisturbed  by  the  storms  which 
agitate  tho  surface,  an  incessant  motion  is  everywhere  taking  place 
in  them,  which  exerts  a  most  important  moderating  influence  on  what 
would  otherwise  be  the  intolerable  heat  of  tho  Equatorial  and  the 
unbearable  cold  of  the  Polar  regions,  and  thus  affects  the  distribution 
of  Animal  and  Vegetable  life,  alike  on  land  and  in  the  ocean  waters : — 
that  the  line  of  demarcation  which  has  been  supposed  to  separate  their 
dreary  wastes  from  the  comparatively  shallow  stratum  (300  fathoms)  to 
which  lifo  has  been  affirmed  to  be  restricted,  has  no  real  existence ; 
but  that  whilst  tho  ocean  bottom  in  one  region  may  be  as  barren  as 
Sahara,  it  may  in  another,  though  at  ten  times  the  depth,  be  teeming 
with  varied  forms  of  organization: — that  notwithstanding  the  tre- 
mendous pressure  exerted  by  the  superincumbent  mass  (amounting  to 
nearly  3  lbs.  per  square  inch  of  surfaco  for  every  fathom  of  depth, 
and  thus  to  3000  lbs.  per  square  inch  at  a  depth  of  1100  fathoms), 
animals  of  the  softest  conceivable  texture  can  "  live  and  move  and 
have  their  being"  without  suffering  any  inconvenience  from  the 
burden: — that  not  even  tho  total  privation  of  Light,  which  the 
highest  authorities  havo  affirmed  to  be  essential  to  the  existence  of 
life,*  prevents  these  rayless  dopths  of  ocean  from  supporting  a  vast 
and  continuous  mass  of  Animal  life,  which  is  actively  engaged  in 
forming  a  Calcareous  deposit  over  tho  bed  of  the  Atlantic ;  a  doposit 

*  ••  Organization,  sensation,  voluntary  motion,  life,**  said  Lavoisier,  •'  only  exist 
on  the  surface  of  the  earth,  and  in  places  exposed  to  light.  It  might  indeed  be 
said  that  tho  fable  of  Prometheus  was  the  expression  of  a  philosophical  truth 
which  had  not  escaped  tho  penetration  of  tho  ancients.  Without  light,  nature 
were  without  lifo  and  without  soul;  a  beneficent  God,  in  shedding  light  over 
creation,  strewed  tho  surfaco  of  tho  earth  with  organization,  with  sensation,  and 
with  thought."— "  These  words,"  says  Dumas  ('  Tho  Chemical  and  Physiological 
Balance  of  Organic  Nature,'  p.  8),  "  are  as  true  as  they  are  eloquent'* 

Vol.  V.    (No.  50.)  2  n 
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which,  when  hereafter  raised  allow  the  waters,  mi  lis  to  form  dry  land, 
will  bo  designated  by  the  Geologist  of  the  future  as  Chalk.: — and 
lastly,  that  in  these  abyssal  depths  aro  preserved  in  continued  exist- 
ence many  types  of  organization  which  had  been  supposed  to  have 
long  since  become  extinct ;  revealing  t  hum  selves  as  living  denizens  of 
the  present  epoch,  when  brought  to  tho  surface  by  tho  searching 
dredge  of  the  Naturalist,  just  as  the  reminiscences  of  onr  past  lives, 
stored  up  in  the  hidden  chambers  of  our  "  under  soul,"  are  called  up 
in  the  process  of  recollect  inn  when  groped  for  with  the  right  cine  of 
Association. 

It  had  been  the  good  fortune  of  the  speaker  to  bear  a  part  in  these 
inquiries :  a  proposal  for  a  deep-sea  dredging  expedition,  which 
originated  with  his  friend  Prof.  Wyvillo  Thomson,  of  Belfast, 
having  been  brought  by  him  last  June  before  the  President  and 
Council  of  tho  Royal  Society,  and  by  them  strongly  recommended 
to  the  Admiralty  ;  which,  on  the  strong  recommendation  of  the  Hydro- 
grapher,  assigned  for  the  service  the  surveying  vessel '  Lightning,'  and 
provided  her  with  the  best  appliances  that  could  bo  got  ready  on  so 
short  a  notice.  Tho  work  of  tho  expedition,  which  was  placed  under 
the  scientific  charge  of  tho  speaker,  was  specially  directed  to  tho 
exploration  of  the  deep  cbumiul  which  lies  hetwoeu  tho  north  of 
Scotland  and  the  Faroe  Islands;  and  although  ncccssanly  limited  in 
time,  and  much  interfered  with  by  bad  weather,  it  afforded  results  of 
great  interest,  in  regard  both  to  the  Physics  and  the  Animal  Life  of 
the  Ocean  depths. 

I.  The  current  belief  among  Physical  Geographers  in  regard  to  the 
temperature  of  the  deep  sea  had  been  that  it  is  everywhere  39L';  de- 
trending  towards  that  point  in  the  Equuttirinl  region,  from  a  surface 
temperature  of  between  75°  and  85',  in  proportion  to  the  depth  to  which 
the  thermometer  is  sunk,  and  falling  to  39°  at  about  1200  fathoms ; 
whilst  it  asceix.ix  towards*  that  point  in  the  Polar  region,  as  the  ther- 
mometer sinks  through  the  iee-euld  waters  nearer  tho  surface,  until  it 
risos  to  89°  at  a  depth  of  about  750  fathoms.  Between  the  Equatorial 
and  tho  Polar  regions  it  has  been  supposed  possible  to  draw  a  boundary 
line  at  which  tho  temperature  of  tho  sea  is  S9;  at  all  depths  ;  and  this 
line  in  tho  Antarctic  ocean,  of  which  tho  local  temperatiiro  seems  com- 
paratively little  disturbed  by  currents,  has  been  sot  at  56  J°  south  lat. 
This  doctrine  mainly  rests  upon  the  tempi'iatinc-sonndings  taken  in 
Sir  James  Ross's  expedition ;  which  were  not  inconsistent  with  the 
prevalent  belief  that  sen-water,  liko  fre»h  water,  has  its  maximum 
density  at  this  temperature,  and  that,  consequently,  still  water  at 
32°  or  33g  cannot  underlie  water  at  39°. 

Sovoral  instances,  however,  hud  been  recorded,  in  which  tempera 
tures  below  '(!*    bad  been  observed  ;   but  these  wore  regarded  as  me 
local  exceptions,  depending   upon  particular  currents.     The  most  r 
markablo  of  such  observations,  made  by  General  Sabine  more  thai 
fifty  years  ago,  in  Captain  (afterwards  Sir  John)  Ross's  arctic  voya 
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was  thus  chronicled  in  his  journal : — "  Having  sounded,  on  Sept.  19, 
1818,  in  750  fathoms,  the  restoring  thermometer  was  sent  down  to 
<">8U  fathoms,  and  on  ('inning  up  ilio  index  of  greatest  cold  was  at  25i°. 
Never  having  known  it  lower  than  28u  in  former  instances,  I  was  very 
careful  in  examining  the  thermometer,  but  could  discover  no  other 
reason  for  it  than  the  actual  coldness  of  the  water."  Strange  as  this 
record  seems,  it  is  by  no  means  incredible  ;  for,  as  the  careful  experi- 
ments of  Despretz  have  since  shown,  Sou-water,  although  it  ordinarily 
freezes  at  27i  ,  may  be  cooled  down  to  25£°  without  freezing,  if  kept 
free  from  agitation;  whilst,  instead  of  ■■jjmndiinj  as  its  temperature 
falls  (which  is  the  caso  with  fresh  water  below  39  ),  it  continues  to 
contract,  so  as  to  acquire  its  greatest  density  at  2;YJ  l  which  tempera- 
ture, therefore,  might  be  expected  to  be  that  of  the  still  depths  of 
Polar  seas,  when  nut  disturbed  by  the  intrusion  of  any  wanner 
currents. 

Now  tho'  Lightning'  temporal  iire-soundings  gave,  a  minimum  tempe- 
rature of  from  32°  to  33-7'  through  a  considerable  part  of  the  deep 
channel  (from  500  to  COO  fathoms)  lying  E.N.E.  and  W.8.W.  between 
the  north  of  Scotland  and  the  Faroe  banks,  the  eurfaee- temperature 
being  about  52° ;  and  it  is  probable  that  if  there  be  any  error  in  the 
observations  (all  of  which  rest  on  the  agreement  of  at  least  two  thermo- 
meters), it  is  that  the  temperatures  were  net  registered  low  enough  by 
these  thermometers,  in  consequence  of  the  pressure  of  l'!0  atmospheres 
or  more  on  their  bulbs.  Though  it  cannot  l)e  positively  asserted  that 
these  minima  were  the  Bfltttl-tempera lures  of  the  area  in  question,  this 
may  be  considered  next  to  certain,  for  the  following  reasons :— 1,  It  is 
improbable' 1 1 hit  water  at  32  should  overlie  water  at  any  higher  tem- 
perature, which  is  speeilieullv  lighter  than  itself,  unless  two  strata 
have  a  motion  in  different  directions  suffiiiently  rapid  to  be  recog- 
nizable. 2.  The  nature  of  the  Animal  life  found  on  tho  bottom  of 
this  cold  area  exhibited  (as  will  presently  appear)  a  marked  corre- 
spondence with  its  presumed  depression  of  temperature.  3.  At  ft 
depth  of  170  fathoms  in  the  cold  area,  the  minimum  was  found  to  be 
41*7°  ;  which  is  just  what  might  bo  expected  at  that  depth,  if  the  tem- 
perature progressively  descends  with  the  increase  of  depth. — Tho 
positive  determination  of  this  question,  however,  may  be  expected 
from  the  temperature-soundings  to  be  taken  this  summer  ;  in  which 
means  will  be  adopted  for  ascertaining  the  temperature  at  every 
50  or  100  fathoms  in  the  some  sounding. 

On  the  other  hand,  in  other  parts  of  the  same  channel,  at  the  very 
tame  depths,  and  ttith  the  erimc  surface-teniperature  ( never  varying 
much  from  52°),  the  minimum  temperature  was  never  less  than  47"; 
and  where  this  prevailed,  not  only  was  Animal  life  far  more  abundant, 
but  its  type  was  that  of  the  warmer  temperate  seas. 

It  does  not  seem  possible  to  account  for  the  existence  of  two  such 
very  different  .Submarine  Climates  within  so  short  a  distance  of  each 
other,  eave  on  the  hypothesis  that  the  water  which  is  &-  or 
than  what  may  bo  regarded  as  the  normal  temperature  of  the  latitude, 
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has  come  thither  from  mime  region  nearer  the  Equator,  whilst  tho 
water  which  b  6'  or  8"  colder  than  the  normal  tem]>eraturo  of  the 
latitude,  has  como  thither  from  some  region  nearer  tbe  Pole.  How 
far  the  first  of  these  phenomena  is  attributable  to  what  is  properly 
called  tho  "  Gulf  Stream  "—that  is,  to  tho  carront  of  healed  water 
whieh  issues  from  tbe  Gulf  of  Mexico,  and  can  be  traced  for  a  great 
distance  across  the  Atlantic,  in  a  N.E.  direction — is  a  matter  still 
open  to  discussion.  But  that  it  is  not  attributable  to  rur/aix-drifl, 
seems  perfectly  clear  from  the  depth  to  which  the  excess  of  warmth 
extends.  And  the  two  facts  taken  together  may  with  confidence  be 
taken  as  an  example  of  that,  continual  interchange  between  the  oceanic 
waters  of  Equatorial  and  Polar  regions,  ivliich  is  as  much  a  physical 
necessity  as  that  interchange  of  air  which  has  so  hirgo  a  share  in  the 
production  of  winds.  For  the  water  that  is  cooled  in  the  Polar  seas 
must  sink  and  displace  the  water  that  is  warmer  than  itself,  pushing 
it  away  towards  the  equator  ;  so  that  in  the  deepest  parts  of  the  ocean 
there  will  be  a  progressive  movement  in  tbe  cquuttmal  direction; 
whilst,  conversely,  the  warm  water  of  tin.:  Tropical  sea,  being  the  lighter, 
will  spread  itself  north  and  south  over  tbe  mir/aee  of  the  ocean,  and 
will  thus  move  towards  tin;  ptihir  regions,  losing  its  heat  as  it  ap- 
proaches them,  until  it  ia  there  so  much  reduced  in  temperature  as  to 
sink  to  the  bottom,  and  thus  return  towards  its  source. 

A  sei  of  temperature-soundings  recently  taken  across  the  Arabian 
Gulf,  between  Aden  and  Bombay,  by  Captain  Short  land,  in  H.M.S. 
'Hydra,'  givo  a  line  of  bottom- temperature  of  33 .J1'  Falir.  at  depths 
exceeding  1800  fathoms,  the  surface- temperature  being  75°.  It  seems 
impossible  to  account  for  this  fact  on  any  other  hypothesis  than  that 
of  a  deep  current  from  the  Antarctic  Polar  region,  which  must  have 
maintained  this  extremely  low  temperature  throughout  the  vast  course 
it  had  to  traverse. 

II.  The  collective  results  of  tbe  deep-sea  Dredgings  recently 
carried  on  by  the  Swedish  Government  under  tbe  direction  of  Pro- 
fessor Sara  and  his  son,  by  tbe  United  Stales  cast  survey  under  tho 
direction  of  Count  Pourlalcs,  and  hy  tho  '  Lightning '  expedition 
under  the  direction  of  the  speaker.  Lave  conclusively  established  tho 
justico  of  the  inference  previously  drawn  by  Dr.  Wailieb  from  tbe  more 
restricted  data  collected  by  the  Sounding  apparatus,*  as  to  tbe  existence 
of  a  varied  and  iitiinidoid  xuhnarhie  Fauna,  at  depths  which  have  been 
generally  supposed  to  bo  either  altogether  atoic,  or  tenanted  only  by 
animals  of  very  low  type.     Tho  drodgings  obtained  in  N.  hit.  6!)c  36' 

*  Thecarlii  >>(  renin  le.l  fiut  "f  this  ola^s  rtill  remains  one  of  Ihomoat  interesting. 
In  the  Arctic  expedition  of  Uikplnin  Kosm,  in  I  SIN.  Ll  sniiniliu^  himag  boon  taken 
at  a  depth  of  IllOo  f'ntli"iiis.  Itic  lint;  liron-lit.  ii[i  a  inu-rnitiivnt  .yin^-Ui/ti;i  :i|,n, 
known  as  Aiteriat  Caput  Milium  >.  which  ncrnrdii);;  In  Llm  fli.tinet  recollection  of 
(ii'iiernl  Saliiiie,  who  wiia  n  meiiihur  of  tlmt  oipedition,  niwil  have  come  from  the 
botlom ;  since  it  wa*  partly  imbedded  iu  verv  »ift  greenish  mail  into  which 
hmvy  ii.i  ik-i.m  weight  hnd'ttunk. 
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and  W.  long.  7°  20',  at  n  depth  of  530  fathoms  and  a  minimum  tem- 
perature of  47^,  included  an  extraordinary  collection  of  Siliceous 
Sponge*  and  Foramiuifera,  with  Zimpkylcs,  E<'hiiii,d,;-ins,  Molluskt, 
Annelid*,  and  Crustaceans;  and  among  them  two  specimens  of  tho  little 
lihizocrinus  (to  he  presently  noticed  more  particularly),  whoso  recent 
discovery  by  M.  Sara  on  tho  coast  of  Norway  had  Furnished  a  principal 
"motive"  of  this  expedition.  And  a  single  dredging  subsequently 
taken  in  N.  lat.  61°  2'  and  W.  long.  12Q  4',  at  the  depth  of  l>50  fathoms 
and  a  minimum  temperature  of  40%  gave  evidence  of  tho  like  variety, 
.though  the  specimens  obtained  were  less  numerous  and  more  frag- 
mentary. Those  two  drodgings,  it  is  believed,  are  by  far  tho  deepest 
that  havo  yet  been  taken;  and  tho  facility  with  which  thoy  were 
obtaiued  fully  justifies  tho  belief  that  no  serious  difficulty  will  be 
found  in  the  way  of  the  exploration  of  tho  ocean  bottom  by  moans  of 
the  Dredge  at  depths  twice  as  great. 

III.  The  results  of  tho  *  Lightning'  drodginga  seem  to  warrant 
the  ci inclusion  that  tho  distribution  of  Animal  life  in  the  deep  sea  is 
much  more  closely  relate!  to  the  temperature  of  tho  water  than  to  its 
depth.  No  contrast  could  woll  be  moro  striking  than  that  which 
presented  itself  within  a  distance  of  50  miles  between  the  Fauna  of 
the  tcarm  and  that  of  the  cold  area  :  the  former  containing,  with  the 
animals  proper  to  tho  locality,  a  number  of  forms  hitherto  known  only 
as  inhabitants  of  the  Himr  tan}": rate  seas;  whilst  the  far  moro 
scanty  aggregate  of  the  latter  consisted  to  a  great  extent  of  animals 
of  a  proper  Boreal  type,  of  which  few  were  met  with  elsewhere  even  as 
far  north  as  tho  Faroo  Islands.  And  whilst  the  bottom  itself  was  for 
the  most  part  composed,  in  the  inarm  area,  of  tho  Glohigerina  mnd, 
the  presence  of  which  fas  Dr.  Wallieh  pointed  out)  seems  to  go  along 
with  the  Gulf  stream,  it  consisted  in  tho  cold  area  of  stones  and  sand, 
the  latter  including  many  particles  of  distinctly  volcanic  minerals, 
indicative  of  a  probable  derivation  from  Iceland  or  Labrador. — The 
comparatively  shallow  bank  in  this  cold  area,  at  which  a  temperaturo 
of  41-7°  was  found  at  a  depth  of  170  fathoms,  presented  a  Fauna  dis- 
tinctly intermediate  between  that  of  the  colder  and  that  of  tho  warmer 
area ;  the  intermixture  of  the  proper  Boreal  forms  being  less,  and  its 
predi  iminant  character  being  that  which  might  bo  expected  from  its 
geographical  position,  with  which  its  temperature  closely  accorded. 

IV.  Tho  remarkable  fact  has  been  ascertained,  that  two  deposits 
may  be  taking  place  within  a  few  miles  of  each  other,  at  the  same  dtpth 
and  on  the  same  geological  Horizon  (tho  area  of  one  penetrating,  so  to 
speak,  tho  area  of  tho  other),  of  which  tho  Mineral  character  and  tho 
Fauna  are  alike  different;— that  difference  being  duo  on  tho  one  baud 
to  the  direction  of  the  current  which  has  furnished  their  materials,  and 
ou  the  other  to  the  temperature  of  tlie  water  brought  by  that  current. 
If  tho  "cold  area  "  wore  to  bo  raised  above  the  surface,  so  that  tho 
deposit  at  present  in  progress  upon  its  bottom  should  bocomo  the 
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subject  of  examination  by  some  Geologist  of  the  fnture,  he  would  find 
this  to  consist  of  a  barren  Sandstone,  including  fragments  of  older 
rocks,  the  scanty  Fauna  of  which  would  in  great  degree  bear  a  boreal 
character;  whilst  if  a  portion  of  the  "warm  area"  were  elevated  at 
the  same  time  with  the  "  cold  area,"  the  Geologist  would  be  perplexed 
by  On-  fiti-iili'ji-itjiliinil  r»iitinuily  with  tin:  preceding  of  a  Cretaceous 
formation,  the  production  of  which  entirely  depends  upon  the  ex- 
tensive development  of  the  humblest  forms  of  Animal  life  under  the 
influence  of  an  elevated  temperature,  and  which  includes  not  only 
an  extraordinary  abundance  of  Sponges,  but  a  great  variety  of  other 
animal  remain*,  several  of  them  belonging  to  the  wanner  temperate 
regions ;  and  he  would  naturally  rappon  these  widely  different 
climatic  conditions  to  have  prevailed  at  different  periods.  And  yet 
they  have  been  shown  to  ciist  mmdlaneoaglu,  at  rorrespottdinii  de[itht, 
over  tattle  amtiijuou*  areas  of  the  sea-bottom  ;  in  virtue  solely  of  the 
fact  that  one  area  is  traversed  by  an  Equatorial  and  the  other  by  a 
Polar  current. —  Further,  iu  the  midst  of  the  bind  formed  by  the  eleva- 
tion of  the  "  cold  area,"  our  Geologist  would  find  a  hill  some  1800 
feet  high,  covered  with  a  Sandstone  continuous  with  that  of  the  land 
from  which  it  rises,  hut  rich  in  remains  of  animals  belonging  toamore 
temperate  province  ;  and  might  easily  full  into  the  mistake  of  supposing 
that  two  such  different  Faunie  occurring  at  different  levels  must  in- 
dicate two  distinct  climates  separated  in  time;  instead  of  indicating, 
as  they  have  been  shown  to  do,  two  contemporaneous  but  dissuni" 
climates,  separated  only  by  a  few  miles  horizontally  and  by  I 
Cithoms  vertically. 

V.  But  further,  the  examination  of  the  ?hh>/>/i:  brought  up  by  the 
'Lightning  '  drcd^ings,  of  the  Fiuma  <>f  the  Cludk-like  deposit  now  in 
progress  over  the  warm  area,  has  shown  that  it  presents  many  points 
of  most  interesting  relationship  to  the  fauna  of  the  Cretaceous  period. 
Thus  of  the  Siliceous  Sponges  which  were  obtained  in  such  remark- 
able abundance,  aome  correspond  so  precisely  in  structure  of  the 
Ventriculites  of  the  Chalk,  that  their  identity  cannot  be  doubted, 
although  in  the  process  of  fossil izution  the  original  material  of  the 
skeleton  has  been  replaced  by  carbonate  of  lime,  to  be  itself  applied 
to  tho  solidifkatioii  "f"  Spuiigos  of  another  type  in  the  production  of 
Flints,*      Again,  the  speaker  stated  that  he  had  found  tho  microscopic 


•  The  mode  in  which  the  Silt*  which  furnished  the  material  of  flints  was  first 
separated  fruin  'lie  i™m- wider.-,  lius  Inns  Urn  un  inwilvrtl  problem.  By  Ehren- 
berg  the  nid  rifliypoftioth'id  h.d<  nt  si  I  ii-tim,  l>;.,totiu  and  /Wycyrti'na  which  wero 
»u)iHi'|iifntly  removed  l<y  solution.  Im.i  Iw-eri  in v<-k'->l  to  sice. 'tint  tor  it.  But  all  tho 
I'XaniiuntiniiK  winch  Luve  biwn  i io  of  Mimpb  f.  of  (In;  ( ;lobiytTi  na- rand  Imvo  in- 
dicated that  where  Ihia  sreat  enloareoii."  deposit  i~  Inking  place,  the  production  of 
minute  silicons  orsnnisnis   id  citrcmely  limited.     On  the  oilier  band,  t)ie  vast 

Itiplieiititn  of  Silicon*  Spunks,  mid  the  eiMision  of  their  root- fibres  til roURh 

Ihi?  (ilnliiirtrii  in- mud  on  I  In-  .-nrfier  nf  which  they 'grow,  t'nriii-dn.s  n  depot  of  silti. 
wliioh,  if  re-dissolved,  would  afford  mnjile  mnterinl  for  the  solidificutiou  or     " 
:o  Uinta. 
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Xanthidia,  so  common  in  sections  of  Flint,  attache*!  t<j  a  filamentous 
substnucc  entangled  in  fragments  of  Sponges  wanned  out  from  the 
(iliibigeriua-mud.  Further,  among  Moliusoa  there  were  two  Terebra- 
tululte,  of  which  one,  at  least  (Ti-rd/ratiditia  cni"it-#i r/'fiiti's)  may  be 
certainly  identified  with  a  Cretaceous  species,  whilst  the  second 
(Watdheimia  cranium)  may  be  fairly  regarded  as  representing,  if  not 
lineally  descended  from,  another  of  the  types  of  that  family  so 
abundant  in  the  chalk.  Among  Eehinoderm.t  the  must  interesting 
was  the  little  Bkisoeriniu,  that  carries  us  back  to  the  Apiocrinite  tribe 
which  flourished  in  the  Oolitic  period,  anil  which  was  until  lately 
supposed  to  have  had  its  last  representative  in  the  liiiurrjeiticrimu  at 
the  Chalk,  to  which  the  Rhhtx'riiitt^  presents  many  points  of  remark- 
able correspondence.*  Among  Zoophytes,  tho  Oculina  met  with  in  a 
living  state  seems  genorically  allied  to  a  Cretaceous  type. 

It  can  scarcely  lie  duubted  that  a  mure  systematic  examination  of 
the  remarkable  Formation  at  present  in  progress  would  place  in  astill 

stronger  light  the  intimacy  ■>{'  the  relationship  i.f  its  Fuurut  t"  that  of 
the  Cretaceous  period ;  and  if  this  view  should  be  confirmed  by  further 
inquiry,  it  would  go  far  to  prove,  what  seems  on  general  grounds 
highly  probable,  that  the  deposit  of  Glubigeiiua-mud  has  been  going 
on,  over  some  part  or  other  of  tho  North  Atlantic  sea-bed,  from  the 
Cretaceous  epoch  to  tho  present  time  (as  there  is  much  reason  to 
think  that  it  did  elsewhere  in  anterior  Geological  periods),  this  mud 
being  not  merely  a  Chalk-formation,  but  a  continuation  of  the  Chalk- 
formation  ;  so  that  ice  may  be  said  to  be  ulill  lirimj  in  the  Cretai-eotm 
Epoch.  For,  as  was  pointed  out  by  Professor  YVvvillo  Thomson,  in  the 
letter  which  gave  occasion  to  tho  '  Lightning '  cruise,  the  oscillations  of 
the  earth's  crust  in  tho  northern  portion  of  the  Nor  thorn  hemisphere 
do  not  appear  to  have  ranged  much  abovo  10UO  feet  since  the  com- 
mencement of  the  Tertiary  epoch  ;  so  that  an  immense  area  of  the 
North  Atlantic  must  have  been  continuously  submerged  throughout 
the  Tertiary  and  Quaternary  periods  :  while,  for  tho  reasons  already 
mentioned,  there  must  have  been  a  continual  movement  of  the  Equa- 
torial waters  towards  tho  Polar  region, 

VI.  It  is  obvious  that  the  facts  previously  stated  throw  a  great  light 
on  tho  changes  which  Palirontological  research  proves  to  have  often 
taken  place  in  the  Marine  Fauna  of  any  particular  area,  without  any 
corresponding  changes  in  its  own  Geological  condition.  For  as  there 
must  havo  been  deep  gent  in  all  Geological  periods,  so  there  must  have 
been  varieties  lit  Submarine  Climate  at  least  as  great  as  those  discovered 
by  the  'Lightning'  temporaturo-sonndings;  depending  upon  those 
Equatorial  and  Polar  Currents,  whoso  existence  has  been  shown  to  bo 
a  Physical  necessity.     Hence  it  is  obvious  that  since  changes  in  the 

•  Thi*  moat  remarkable  animal,  first  discovered  Ly  M.  Bars,  near  the  Lnfllxleu 
Islands,  has  been  sines  obtained  not  nnly  in  the  'Lightning '  dredgings,  but 
ulso  |.v  Count  Pourlalus  in  the  tiulf  of  Mexico. 
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direction  of  such  opposing  currents  must  have  been  produced  by  any 
upward  or  downward  movement  of  the  sea-bottom  (as  in  the  areas  of 
elevation  and  subsidence)  marked  out  by  Mr.  Darwin  in  onr  existing 
seas),  a  considerable!  modification,  or  oven  a  Cfunpleto  reversal,  of  the 
Submarine  Climates  of  adjacent  areas  might  have  been  consequent 
upon  alterations  in  the  contour  of  the  bind,  or  in  the  level  of  the  sea- 
bottom,  at  a  great  distance, — -perhaps  thousands  of  miles  off. 

A  renewal  and  extension  of  the  Researches  of  which  the  more 
general  results  have  thus  been  stated,  having  been  asked  for  by  the 
Council  of  tho  Royal  Society  at  the  hands  of  hex  Majesty's  Govern- 
ment, adequate  provision  has  been  made  by  tho  Admiralty  with  this 
object;  and  II.  M.  surveying  vessel  'Porcupine 'will  1m:  employed  daring 
the  ensuing  season  in  tho  prosocutiuu  of  them,  with  all  the  appliances 
which  science  and  esnerionce  can  suggest  as  likely  to  ]>o  serviceable. 
It  may  be  eunlideiil.lv  hoped  that,  unless  the  weather  should  prove  ex- 
ceptionally unfavourable,  very  important  additions  will  be  made  by 
this  expedition  to  our  knowledge  of  the  Temperature  and  Life  of  tho 
Deep  Sea. 

The  speaker  thus  concluded : — "  Tho  facta  I  have  now  brought 
before  you,  still  mure  the  speculations  which  I  have  ventured  to  connect 
with  them,  may  seem  to  unsettle  much  that  has  been  generally 
accredited  in  Geological  science,  and  thus  to  diminish  rather  than  to 
augment  onr  stock  of  positive  knowledge ;  hut  this  is  tho  necessary 
result  of  the  introduction  of  a  nem  idea  into  muj  department  of  scien- 
tific inquiry.  Like  thu  flood  which  tests  tho  security  of  every  founda- 
tion that  stands  in  the  way  of  its  onward  rush,  overthrowing  the  house 
built  only  on  tho  sand,  but  leaving  unharmed  the  edifice  which  rests 
secure  on  tho  solid  rock,  so  does  a  new  method  of  research,  a  now 
scries  of  facts,  or  a  new  application  of  facts  previously  known,  come 
to  bear  with  impetuous  force  on  a  whole  fabric  of  doctrine,  and  subject 
it  to  an  undermining  power  which  nothing  can  resist,  save  that  which 
rests  on  the  solid  rock  of  Truth.  And  it  is  here  that  tho  moral  value  of 
scientific  study,  pursued  in  a  spirit  worthy  of  its  elevated  aims,  pre- 
eminently shows  itself.  For,  as  was  grandly  said  by  Schiller  *  in  Ids 
admirable  contrast  between  tho  trader  in  science  and  thu  true  philo- 
sopher,— '  New  discoveries  in  the  field  of  his  activity  which  depress  the 
one,  enrapture  tho  other.  Perhaps  thoy  fill  a  chasm  which  tho  growth 
of  his  ideas  had  rendered  more  wide  and  unseemly  ;  or  thoy  place  the 
last  stone,  the  only  one  wanting,  to  the  completion  of  the  structure  of 
his  ideas.  But  even  should  they  shiver  it  into  ruins,  should  a  new 
series  of  ideas,  a  now  aspect  of  nature,  a  nowly-discoverod  law  in  the 
physical  world,  overthrow  the  whole  fabric  of  his  knowledge,  he  hat 
iilicni/s  loved  Imili  better  thou  his  rystcm,  and  gladly  will  ho  exchange  her 
old  and  dofectivo  form  for  a  new  and  fairer  one.'  "  r^.  R  „  , 

o  a  Conreo  ou  Universal  History,  delivered  at  Jona. 
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WEEKLY  EVENING  MEETING, 
Friday,  April  16, 1869. 

Sib  Henry  Holland,  Bart.  M.D.  D.Ci.  F.R.S.  President, 

in  the  Chair. 

William  Cabruthers,  Esq.  FX.S. 
The  Cryptogamic  Forests  of  the  Coal  Period. 

The  student  of  fossil  botany  encounters  greater  difficulties  in  his 
efforts  to  restore  the  vegetation  of  former  epochs  in  the  earth's  history, 
than  those  which  beset  the  labours  of  the  comparative  anatomist  in 
his  restoration  of  extinct  animals.  These  difficulties  arise  chiefly 
from  two  causes :  First,  the  absence  in  the  vegetable  kingdom  of  a 
substance  which  would  resist  decay  like  the  solid  skeleton  found  in  all 
the  vertebrate,  and  in  many  of  the  invertebrate  members  of  the  animal 
kingdom,  causes  the  fragments  of  plants  which  have  escaped  decom- 
position to  bo  preserved  much  less  perfectly  than  the  remains  of 
animals.  Carbonaceous  stains  or  amorphous  casts  are  the  most  fre- 
quent indications  of  the  former  vegetation  of  the  globe ;  specimens 
exhibiting  structure  are  comparatively  rare ;  and  it  is  such  specimens 
only  that  give  certain  evidence  of  the  nature  and  affinities  of  the 
organisms  to  which  they  belong. 

The  other  serious  sourco  of  difficulty  arises  from  the  fact  that  no 
relative  proportions  exist  among  the  different  parts  of  a  vegetable 
individual.  Tho  size  of  the  leaf,  the  flower,  or  the  fruit,  can  give  no 
indication  of  the  size  of  tho  plant.  Indeed,  these  are  more  frequently 
found  large  in  humble  plants  which  never  rise  above  the  surface  of 
the  ground  than  in  large  trees.  And  this  is  true,  not  only  in  the 
general,  but  even  among  members  of  the  same  natural  group ;  where 
great  differences  exist  in  the  size  of  tho  individuals,  no  corresponding 
differences  are  to  be  found  in  tho  parts  of  which  they  are  composed. 
Thus  the  foliage  and  fruit  of  our  only  indigenous  pine — tho  Scotch 
fir — are  greater  than  those  of  the  mammoth  WeUingtonia  of  California ; 
and  the  fruit  of  tho  small  willow  (Salix  herbacea,  L.),  which  covors 
with  a  dense  carpet  the  summits  of  some  of  the  higher  mountains  of 
Scotland,  is  as  largo  as  that  of  tho  huge  willows  which  ornament  tho 
margins  of  our  English  rivers.  On  the  other  hand,  tho  different  parts 
of  an  animal  possess  such  relations  to  each  other  in  size,  form,  and 
structure  that  a  zoologist  has  not  so  difficult  a  task  beforo  him  in 
restoring,  cvon  from  imperfect  materials,  tho  gonoral  aspect  of  an 
extinct  animaL 
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I  state  these  difficulties  which  face  us  at  the  very  threshold  of  our 
investigations.  in.it  to  magnify  tho  work  before  us  this  evening,  but  to 
account  fur  the  comparatively  little  progress  that  has  heen  made  in 
the  interpretation  of  extinct  floras,  and  for  the  great  diversity  of  opinion 
that  exists  among  botanists  as  to  the  systematic  position  of  numerous 
fossil  plants ;  and  further  to  account  for  tbo  very  large  number  of  genera 
and  species  which  have  been  established  on  imperfect  and  fragmentary 
materials,  the  systematic  position  of  which  is  consequently  indeter- 
minable. 

The  progressive  accumulation  of  observations,  and  the  more  care- 
ful preservation  of  instructive  specimens  in  local  and  private  museums 
are  supplying  the  means  of  dealing  with  fossil  botany  after  a  different 
method.  The  most  important  recent  advances  in  this  science  have 
been  mado  in  uniting  the  separate  fragments, — roots  and  stems,  leaves 
end  fruits, — described  under  different  names  and  placed  in  different 
and  often  widely  separated  genera,  so  as  to  build  up  vegetable  in- 
dividuals, the  systematic  position  and  affinities  of  which  can  be  under- 

These  observations  are  specially  true  in  regard  to  the  vegetation 
of  the  Coal  Period.  Little  information  has  been  obtained  from  the 
vast  stores  of  tho  carbonized  remains  of  the  plants  of  this  period 
which  are  ever  being  brought  under  the  inspection  of  man  in  the  form 
of  coal,  for  this  material  is  so  completely  altered  as  to  be  almost 
destitute  of  structure.  The  best  preserved  plants  occur  in  the  beds 
of  shale  which  accompany  the  coal,  or  are  obtained  from  earthy 
nodules  in  the  eoa!  itself,  whidi  injure  its  marketable  value,  and 
consequently  got  rid  of  by  the  miners. 

We  may  at  once  set  aside  that  great  division  of  tho  vegetable 
kingdom  with  which  wo  are  most  familiar,  comprising  all  plants 
that  have  true  flowers  and  seeds,  and  confine  our  attention  to  the 
more  obscure  cryptogamons  plants  which  are  destitute  of  flowers,  and 
for  seeds  have  bodies  of  much  simpler  structure  called  spores.  The 
cryptogams  are  either  wholly  cellular  in  their  composition,  like 
the  mosses  and  sea-weeds,  or  they  are  composed  partly  of  cells  and 
partly  of  vessels,  like  the  ferns  and  club-mosses. 

If  we  except  some  supp<>si/.l  .I/;/-'',  no  traces  of  true  cellular  plants 
have  been  hitherto  detected  in  the  coal  measures.  The  long-continned 
maceration  to  which  tho  coal  plants  were  subjected  when  the  beds 
composed  of  their  remains  wen:  forming  rai  the  surface  of  tho  earth, 
and  tho  subsequent  changes  they  have  undergone,  have  reduced  to  one 
common  structureless  mass  the  varied  vegetation  uf  which  the  cool  is 
composed.  One  uf  the  first  results  of  tlie.se  operations  would  be  the 
disappearance  of  the  cellular  plants,  which  under  the  then  existing 
very  favourable  conditions  must  have  abounded;  just  as  tho  soft 
collular  parts  are  almost  always  destroyed  of  those  specimens  which 
have  been  so  favourably  situated  as  to  havo  their  vascular 
preserved. 

Excluding  then  the  cellular  cryptogams,  we  may  shortly  consider 
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the  classification  and  stnicturo  of  tho  vascular  forme.  They  are 
divided  into  four  groups,  all  of  which  are  represented  in  the  indi- 
genous Flora  of  Britain. 

I.  Ferns  (Fitices).     Polypody,  Brake,  Spleenwort,  &c. 

II.  Horse-tails  (EquisettKeai).     Horse-tail. 

III.  Cluli  musses  (Lticvj-diaee&X     Club-moss  and  Qnill-wort. 

IV.  Pill-worts  (ManUeacecB).     Pill-wort. 

I.  The  Ferns  hnvo  a  rhizome  which  creeps  below  or  upon  the 
surface  of  tho  ground,  or  rises  into  the  air  like  the  trunk  of  a  tree. 
This  trunk  in  some  species  attains  a  great  height ;  it  is  nearly  uniform 
in  diameter  throughout  its  whole  length,  and  is  covered  with  the 
symmetrical  anil  re^ulai  ly-urraiigiil  markings  of  the  stalks  of  the  old 
leaves.  Internally  it  is  composed  of  a  central  cellular  pith  sur- 
rounded by  a  cylinder  of  scalariform  tissue,  and  this  is  invested  by  a 
cortical  cellular  layer  or  hark. 

The  woody  cylinder  is  composed  of  simultaneous  vascular  bundles, 
which  originate  and  are  completely  duvclnpud  at  the  same  time;  there 
is  consequently  no  addition  to  it  from  subsequent  growth.  It  is 
penetrated  by  large  open  meshes,  each  of  which  permits  the  passage 
of  the  vascular  bundles  that  supply  a  leaf,  accompanied  with  a  certain 
amount  of  cellular  tissue  from  the  medulla  which  occupies  the  centre 
of  the  mesh. 

The  leaves,  which  are  very  variable  in  size  and  form,  not  only 
perform  tho  functions  of  ordinary  leaves,  but  also  hear  the  fruit,  and 
are  hence  called  fronds.  The  fruit  is  produced  in  clusters  on  the 
back  or  margin  of  tho  fronds  ;  each  cluster  contains  many  sporangia, 
and  each  sporangium  numerous  uniform  spores. 

Though  there  is  a  great  diversity  in  the  size  of  the  plants  of  this 
order— from  the  humble  Wall  Hue  to  the  giant  Alsophilas, — there  is 
a  remarkable  uniformity  in  tho  size  of  tho  spores. 

When  til©  spore  germinates  it  bursts  through  the  outer  membrane 
and  puts  forth  a  tubular  prolongation,  which  increases  by  cell-multi- 
plication until  a  small  green  leaf  is  produced,  called  the  protballus, 
on  the  undcr-surface  of  which  two  kinds  of  glandular-like  bodies  are 
developed :  the  one,  the  antheridia,  containing  numerous  cells  with 
sperm atozoids  ;  the  other,  the  pistilliilia,  one  of  which  when  fertilized 
develops  into  a  true  fern. 

II.  The  House-tails  have  slender,  hollow,  and  jointed  stems. 
Each  joint  terminates  in  a  toothed  membranous  sheath,  composed  of 
leaves  reduced  to  this  elementary  state.  Whorls  of  branches  and 
branch!  cts  are  given  off  at  the  joints  in  some  species. 

Tho  fruit  is  produced  in  terminal  cones  composed  of  numerous 
stalked  peltate  scales,  each  of  which  bears  ou  its  under-snrface  a 
circle  of  sjM.iriUiL'iii  filki!  with  niiiuvrnus  uniform  spores.  The  spores 
have  a  spiral  covering,  which,  uln-u  they  are  ripe,  breaks  up  into  four 
elavate  threads  called  elaters,  which  arc  remarkably  hygrometric. 
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HI.  The  Club-mosses  havo  solid  stems  composed  of  an  axis  of 
spiral  vessels,  surrounded  hy  n  thiekish  cortical  cellular  layer.  The 
leaves  are  simple,  and  arranged  spirally  on  the  stem.  The  branches 
are  irregular  and  dichotomous. 

The  fruit  is  produced  in  terminal  cones  composed  of  imbricating 
scales.  Each  scale  bears  on  its  pedicel  a  small  sporangium  full  of 
spores.  In  Selaginella  two  kinds  of  sporos  exist.  The  one,  called 
microspores,  produces  spermatozoids ;  the  other,  ruacrospores,  germi- 
nates, and  forms  a  prothallus  on  which  pistillidia  appear;  and  these, 
when  fertilized  hy  the  s]».Tni!Uozoiils  of  the  micruspiiros,  grow  into 
perfect  plants.  In  Ly<i«»l<nm  microspores  only  have  been  seen,  and 
the  process  of  its  germ i nation  is  still  unknown. 

The  tittle  Quill  wort  (laoetet)  which  grows  at  the  bottom  of  most 
of  our  mountain  lakes,  agrees  with  Srl-u/in-  Ihi  in  having  two  kinds  of 
spores ;  hut  it  differs  from  the  true  club-mosses  in  its  habit  and  in  the 
structure  of  tho  stem.  Like  Weluntsekia  it  never  increases  in 
height ;  but  this  is  even  more  remarkable  in  tho  Quill-wort  than  in 
Welwitschia,  seeing  thnt  in  it  there  is,  as  long  as  tho  plant  lives, 
a  continual  development  of  nodes  with  their  foliar  appendages  going 
on.  The  axis  of  the  stem  is  composed  of  cellular  tissue.  This  is 
surrounded  by  a  vascular  cylinder,  which  grows,  as  iu  ciogcns,  by  tho 
addition  of  external  layers,  there  being  in  this  plant  a  true  cambimn 
layer  outBide  the  wood,  a  structure  unknown  in  other  cryptogams. 

IV.  No  plants  allied  to  the  Pillwohts  havo  hitherto  been  detected 
in  the  Ceol  Measures ;  we  need  not,  therefore,  be  detained  by  a 
minatiou  of  their  structure  and  d       ' 
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cryptognms  of  the  Coal  Forests,  I  will 
1  which  wo  havo  glanced  at  their  living 
representatives. 

I.  The  Febns  need  not  long  occupy  our  attention.  They  were 
very  abundant,  though  as  a  rule  they  were  humble  hcrbaeoous  plants. 
Arborescent  stems  are  extremely  rare — only  two  undoubted  species 
have  been  met  with  in  Britain.  Tho  numerous  known  forms  have 
either  grown  on  the  earth,  or,  as  is  very  probable,  been  Epiphyte* 
Fructification  is  rare  j  in  the  few  cases  in  which  it  has  been  found  it 
agrees  with  that  of  reeont  ferns.  Occasionally  young  fronds  exhi- 
biting eirciiuiate  vernation  have  been  met  with,  showing  that  this 
method  of  unrolling  the  frond  was  as  characteristic  of  the  ferns  of 
that  period  as  it  is  of  those  of  the  present. 

Tho  fern  is  a  remarkably  stable  typo  of  vegetation.  The  earliest 
forms,  like  the  Cyclopterit  Hil>rn>ra  of  Forbes  from  tho  Old  Hod 
Sandstone,  agrees  in  all  comparable  points  with  the  recent  plants  ;  and 
throughout  all  the  intervening  space  no  divergence  in  any  point  of 
importance  has  been  detected. 

II.  No  group  of  fossil  plants  can  more  fully  illustrate  tho  impcr- 
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feet  materials  with  which  the  pnlarontological  botanist  has  to  deal 
than  that  group  which  I  have  united  under  the  name  Catamites.  The 
various  parts  of  the  plant— the  root,  the  stem,  the  leaves,  and  tho 
fruit — have  been  formed  into  numerous  genera,  whieh  have  been 
referred  to  widely  <.Vilt.-ri.-iit  positions  in  the  vegetable  kingdom. 

Considerable  diversity  of  structure  is  to  be  found  in  those  stems 
whieh  ace  referred  to  Ctthiiiiites.  I  shall  ask  your  attention  to  one  of 
these  forms  which  I  have  described,  and  which  is  beautifully  illustrated 
by  a  series  of  drawings,  recently  published,  of  specimens  in  Mr.  13inney'a 
collection.  This  stem  was  composed  of  a  central  medulla  surrounded 
by  a  woolly  cylinder,  composed  entirely  of  scalariform  vessols  and  a 
thin  cortical  layer.  Tho  medulla  penetrated  tho  woody  cylinder  by 
a  series  of  regular  wedges,  whieh  were  coDtinuod,  as  delicate  lominte 
of  one  or  two  cells  in  thickness,  to  tho  cortical  layor.  The  cells  of 
those  lamime  wore  not  muriforni ;  their  longest  diameter  was  in  the 
direction  of  the  axis.  The  wedges  were  continuous  and  parallel 
between  each  node.  As  the  axial  appendages  wore  produced  in  whorls, 
tho  only  interference  with  tho  regularity  of  the  tissues  was  by  tho 
passing  out  through  the  stem  at  tho  nodes  of  the  vascular  bundles 
which  supplied  these  upjieudnges.  As  the  leaves  of  each  whorl  were 
(with  one  or  two  exceptions)  opposite  to  the  interspaces  of  tho  whorls 
above  and  below,  thero  was  also  at  each  node  a  rearrangement  of  tho 
wedges  of  vascular  and  cellular  tissues. 

The  stem  is  described  as  having  been  fluted  on  tho  outer  surface. 
This  error  hod  its  rise  in  the  specimens  examined  being  only  casta 
in  tho  amorphous  substance  of  the  rock  of  tho  medullary  cavity,  sur- 
rounded by  a  thiu  film  of  coal  representing  the  evliinli-i-  of  wood.  On 
the  death  of  Die  plaid,  the.  cellular  medulla  decayed,  while  the  woody 
cylinder  was  still  ablo  to  retain  its  original  form.  The  hollow  intorior 
was  fillod  with  some  of  the  mud  or  sand  in  which  tho  plant  was  buried. 
In  tho  course  of  time  this  offered  greater  resistance  to  tho  pressure  of 
the  beds  above  than  the  arigiiuUs  bud  cylinder  of  seal  mi  form  tissue, 
now  softened  by  tho  moisture  in  whieh  it  had  so  long  lain :  tho  ninro 
indurated  amorphous  axis  on  pressure  necessarily  produced  its  cha- 
racteristic ridges  and  furrows  on  the  smooth  outer  surface  of  tho  tilm 
of  coal.  This  coal  is  described  as  tho  cortex  or  bark,  aud  stems 
exhibiting  only  tho  rocky  casts  of  the  medullary  cavity  oro  called 
decorticated  specimens ;  but  besides  the  cortical  layer  they  have  also 
been  deprived  of  all  that  remained  of  their  woody  tissue. 

The  stem  terminated  below  somewhat  suddenly  in  a  blunt  cone, 
the  intoruodos  of  whieh  were  slightly  di  vtdoped  ;  and  from  the  nodes 
were  given  offwhoda  of  largo  nxits,  which  again  gave  off  iununicrablo 
branching  rootlets  {Pinnularia). 

Tho  stem  or  mam  axis  was  simple,  supporting  numerous  branches 
arranged  in  whorls,  which  again  produced  numbers  of  nhorled  leaves. 
Three  different  forms  of  leaves  have  been  formed  into  as  many  geuora. 
When  the  structure  of  the  fruits  associated  with  them  is  bettor  known, 
by  the  discovery  of  bettor  preserved  specimens,  it  is  possible  they 
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may  be  found  to  constitute  three  goncra,  but  there  are  no  characters 
possessed  by  the  leaves  which  prevent  thira  belonging  to  one  well- 
defined  gonus. 
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The  simplest  form  of  leaf  (AilerophgUita)  is  slender  and  linear, 
with  a  single  nerve.  This  can  scarcely  be  separated  from  the  form  to 
which  the  mime  Aintularh  hits  been  given,  and  which  differs  chiefly  in 
having  a  larger  amount  of  cellular  tissue  spread  out  on  either  side  of 
the  midrib.  This  form  has  a  different  aspect  in  the  fossil  state  from 
the  other,  for  its  whorls  of  numerous  broad  leaves  are  spread  out  on 
tho  surface  of  Reposition,  while  the  acieulnr  leaves  of  AttttropliylUte* 
have  penetrated  the  soft  mud,  and  are  generally  preserved  in  the 
position  they  originally   occupied   to  tho  supporting  branch.      Tho 

L  third  form  (Sphenitphylhtm)  consists  of  whorls  of  wedge-shaped  leaves 
with  one  or  more  bifurcating  veins.     They  occur  like  those  of  Anna- 
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The  plan  of  arrangement  of  the  three  forms  is  the  sonic,  and  fruits 
are  found  associated  with  them  which  ha?e  the  aaine  general  appear- 
ance ;  but  they  are  so  ill  preserved  that  their  internal  structure  has 
not  hitherto  been  determined.  The  different  foruis  hiive  been  placed 
together  as  allied  genera,  and  have  been  referred,  by  those  who  have 
specially  studied  them,  to  the  phanerogamous  order  Halortujace/e  near 
to  the  Water  Milfoil  (Myriojihiilhtwl  with  some  species  of  which  they 
agree  very  remarkably  in  the  arrangement  and  aspect  of  their  foliage 
and  fruit. 


Plate  II. — Fruits  of  RqnURni  * 
Fig.  I,  Equitetum  arveoM,  1..    3.  Portion  of  the  ipjiangiurn  wall.    . 

with  the  elaleri  free,  -t.  Spont  wilh  the  ill III!  cLwping.  5,  Longitudinal 
Mction  of  the  part  of  one  «iJe  of  cone  with  (line  fruit-bearing  *cale>  sopport- 
>otr  sporangia.  6.  Tmn»verw  Motion  of  com.  7.  Giitimitn  (roMmnnnw) 
Binneiji,  Gut.,  cMJattad  thr«-  lime.    8.  Purtion  of  ihe  uporangium  wall. 

9.  Twoiporei,  one  shriving  the  basei  of  two  elaWri  free,  the  remainder  being 
remoTed   in  slicing  the  1'ioil,  ami    the  oilier  allowing  Ihe  llllm  clipping, 

10.  Longitu.lutal  section  of  the  part  of  otto  siiie  of  coin'  with  three  trliil- 
bearing  anJ  Ibi.r  simple  leaves.  11.  Transverse  lection  of  colic-,  .howing  si* 
fruit-bearing  leaves  .mil  twelve  protecting  settles. 
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The  determination  of  tho  internal  structure  of  one  of  these  fruits 
which  I  made,  first  from  specimens  collected  by  Mr.  Uinne.y,  and  have 
since  confirmed  from  specimens  which  have  been  some  years  in  the 
cabinet  of  Dr.  Millar,  has  enabled  me  to  refer  with  certainty  these 
fossils  to  the  eryptogamuus  order  Kquiaetiinwe  as  near  allies  of  oar 
living  Horsetails. 

This  fruit,  to  which  I  have  given  the  name  Volhnannia  Binnegi, 
is  a  small  slender  cone,  composed  of  whorls  of  inhricatcd  scales  (twelve 
in  each),  arranged  like  the  successive  whorls  of  loaves  on  tho  branch, 
bo  that  tho  scales  of  one  whorl  are  in  n  lino  with  the  spaces  between 
tho  scales  in  tho  whorls  above  and  below.  The  scales  completely  con- 
Deal  tho  fruit-beariug  leaves.  These  aro  stalked  and  peltate,  arranged 
in  whorls  alternating  with  the  scales,  but  having  only  six — half  tho 
number  of  the  scales  in  a  whorl.  Tho  Kjmi'rtugia,  fmir  in  number, 
aro  borne  on  tho  undcr-surfaco  of  tho  peltate  leaves ;  their  walls  aro 
formed  of  elongated  cells,  which  have  in  their  interior  a  secondary 
deposit  of  cellulose  proceeding  in  short  truncate  processes  from  tho 
sides  of  tho  cell-walls  which  are  in  contact,  and  having  tho  appear- 
ance of  an  incomplete  spiral.  The  sporangia  aro  filled  with  simple 
Bpherical  spores,  which  in  tho  closely-packed  sporangium  appear  to 
be  furnished  with  double  cell-walls.  In  the  half-empty  sporangia  tho 
outer  wall  cannot  bo  detected,  but  thero  appear  instead  a  number  of 
thread-like  processus  proceeding  from  the  spore  liko  tho  elatcrs  in 
tho  living  Horsetails. 

A  comparison  of  this  fossil  cone  with  the  fruit  of  Equisetum 
exhibits  a  romarkablo  agreement  in  every  point  of  importance.  In 
tho  form  of  the  fruit-bearing  leaves,  tho  arrangement  anil  structure  of 
the  sporangia,  tho  form,  size,  and  structure  of  the  spores,  even  to  tho 
possession  of  hygrometrie  elaturs,  both  fruits  agree,  The  only  differ- 
ence is  that  in  tho  modern  plant  all  the  leaves  of  the  cone  aro  fruit- 
bearing,  whilo  in  the  fossil  every  other  whorl  retains  a  form  closely 
approaching  that  of  tho  normal  leaf  of  the  plant.  As  these  envelop 
and  protect  tho  fruit-bearing  leaves,  they  may  bo  held  to  give  to  the 
fossil  a  somewhat  higher  systematic  position  than  is  possessed  by  the 
living  genus.  This  superiority  is  further,  exhibited  when  wo  contrast 
tho  complex  structure  of  the  stem,  and  the  free  leaves  of  Cnlamila 
with  the  fistular  and  slteiLt.Mess  stems  of  Ejitiwtum.* 

III.  The  stems,  branches,  and  fruit  of  the  genus  JLepidndendrtm 
aro  so  abundant  in  the  shales  that  cover  tho  coal,  that  the  external 
aspect  of  this  troo  has  been  for  a  long  time  well  known.  S|>eciinoiiB 
exhibiting  structure  aro  more  rare,  but  these  also  have  been  met  with, 
so  that  we  know  tho  internal  organisation  as  well  as  the  external 
aspect  of  the  fossil. 

Tho  stem  is  composed  of  a  central  pith  surrounded  by  a  slender 
cylinder  of  scalariform  woody  tissue,  and  by  a  largo  cortical  layer 

Mr.  Biuney  hna  beautifully  illustr.itcd  tin:  structure  it  I  ho  afein  aud  fruit 
Ciiliimitci  in  a  eerioa  of  drawings  from  sp  rime  us  in  Lis  rii'li  collection,  published 
Ly  tlis  Pidiooiit^nipliiiiit  Srviety  ill  lire  mil  of  lust  year. 
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which  ia  divided  into  two  portions,  an  inner  consisting  of  large 
spherical  and  thin-walled  cells,  tad  an  outer  made  up  of  regularly 
arranged  elongated  cells  with  a  email  diamctor.  The  vascular  cylin- 
der is  penetrated  by  radiating  meshes  through  which  the  vascular 
bundles  passed  that  supplied  the  lenves.  The  outer  surface  of  the 
stem  is  covered  with  the  spirally  arranged  and  beautifully  marked 
stigmata  of  the  fallen  leaves.  The  stem  branches  repeatedly  in  a 
dichotomous  manner.  The  younger  branches  arc  densely  covered  with 
small  lanceolate  leaves,  having  a  single  median  vein. 
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Plate  III. — Fuctts  of  Selaoinella  and  Trui'iosPOHnra. 
Fig.  1.  Setaginctta  spimiloaa,  A.  Braun.  2.  Seal*  and  spninnpuro  from  the 
upper  portiou  of  lie  cone.  3.  Antheridian  microspore!  from  ttjtto.  i.  Ma- 
rrospore.  5.  Stale  mid  upoiaiifiinn  hi, in  lln:-  l"w.'r  jnrL  of  the  ooue  .i.i.tjii ni tiy 
maa-oiporea.  6.  Triplosporittt  Broimii,  Brongd.  7.  Three  soile*  and  «po- 
rangia  of  ditto.  8.  Micropores  from  the  ipornngin  of  the  upper  part  of  the 
cone.  9.  Mmatapore  from  the  sporangia  of  the  lower  part  (.Irawti  from 
Brongniart's  description  and  measurerc-enls).  10.  Scale*  and  sporangia  of 
cone  of  Flemingitct. 
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Tho  fruit  is  a  cono  composed  of  imbricated  scales  arranged  spirally 
on  the  axis  like  the  true  leaves,  and  hearing  tlio  sporangia  on  their 
horizontal  pedicels.  Three  different  forms  of  fruit  belong  to  this 
genns,  or  it  should  perhaps  rather  be  called  group  of  plants. 

The  first  of  theso  is  the  cone  named  by  Robert  Brown  3Vy>7o- 
Bporites,  and  .lisriil"  d  liy  him  from  tn  exqnuitely  preserved  specimen 
of  an  upper  portion,  in  which  the  parts  are  exhibited  as  clearly  in  the 
petrified  condition  as  if  tlioy  belonged  to  a  fresh  and  living  plonk 
The  largo  sporangia  havo  a  double  wall,  the  outer  composed  of  a 
compact  layer  of  oblong  cells  placed  endwise,  or  with  the  long 
diameter  perpendicular  to  the  surface ;  the  inner  is  a  delicate  cellular 
membrane.  The  sporangium  is  filled  with  a  great  number  of  very 
small  spores,  each  composed  of  three  roundish  bodies  or  sporulcs. 
Recently  Professor  Brongniart  has  described  a  complete  specimen  of 
this  fruit,  in  which  tho  minuto  triple  spores  arc  confined  to  the 
sporangia  of  tho  upper  and  middle  part  of  tho  cone,  but  the  lower 
portion  which  was  wanting  in  Mr.  Brown's  specimen,  bear  sporangia 
filled  with  simple  spherical  spores  ten  or  twelvo  times  larger  than 
the  others. 

The  structure  of  another  form  of  cone  (Lppidogtrctms)  has  been 
expounded  by  Dr.  Hooker.     The  arrangement  of  tho  different  parts 
comprising  it  is  precisely  similar  to  what  occurs  in  TriplottporiU-* 
but  the  sporangia  are  filled  with  the  minute  triple  spores  through, 
the  wholo  cone. 

The  third  form  of  cono,  which  I  have  described  under  tho  name 
Fteminyilfx,  differs  from  the  other  two  in  having  a  large  number  of 
small  sporangia  supported  on  the  surface  of  eaeh  scale  ;  and  it  agrees 
with  Lepidostrobiu  in  the  sporangia  containing  only  small  spores. 

In  comparing  these  fossils  with  the  living  club-mosses,  one  is 
struck  with  the  singular  agreement  in  tho  organization  of  plants  so 
far  removed  in  time,  and  so  different  in  size,  as  the  recent  humblo 
club-mosses  and  tho  pslit'nzoic  tree  l.epidendrous. 

Tho  fruit  of  Triplosporitet,  like  that  of  Selatjinella,  contains  large 
and  small  spores,  tho  microspores  being  found  in  both  genera  on  the 
middle  and  upper  scales  of  tho  cone,  and  tho  maerospores  on  those  of 
the  lowor  portion. 

On  the  other  hand,  the  fruits  of  LepidimfriJiHn  ami  Flentinyites  agree 
with  that  of  Liii^ji'iiliiiin  in  having  only  microspores. 

The  size  of  the  two  kinds  of  spores  also  singularly  agrees  in  the 
two  groups.  This  is  of  some  importance,  for  among  the  recent 
vascular  cryptogams  there  is  a  remarkable  uniformity  in  the  size  of 
the  spores  in  tho  members  of  the  diffi  rent  groups,  even  whon  there  ia 
a  great  variety  in  the  size  of  tho  plants.  Thus  the  spore  of  our 
humblo  Wall-rue  is  as  large  as  that  of  the  giant  Ahaphila  of  tropical 
regions.  So  also  tho  spores  of  l!i/nisrlnui  and  ('u/mnili  ■  agree  in  size, 
may  be  seen  in  Plate  II.,  Figs.  3,  4,  and  9,  where  the  spores  of  the 
two  geimi-n  are  nui^nitici]  t<>  ilie  shiiic  extent.  And  a  similar  comparison 
*  the  macrospore  and   microspore  of  Triptoxporile*  with  those  of 
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SdagmtBa,  and  of  tho  microspore  of  Lepidastrvbus  with  that  of  Lyo- 
fxxUam,  exhibits  a  similar  agreement.  This  ia  made  apparent  by  the 
drawings  of  the  two  kinds  of  spores  of  Sda/jinctta  on  Plate  HI.,  Figs. 
3  and  i,  with  those  of  Triplotporitet,  Figs,  8  and  9,  which  are  drawn 
to  the  same  scale. 

The  fossils  represented  by  the  group  of  stems  known  under  the 
iiumti  nf  Lyj'i'h"k»i!r,m,  and  by  (he  Hirer  fruits  described,  agree  in  nil 
essential  characters  with  the  living  QhdMlKMMB,  As  "idy  <lilference  of 
importance  being  that  tho  stem  of  tho  fossil  has  a  higher  organization 
suited  to  its  arborescent  habits,  Tho  vascular  tissue  continued  to 
increase  with  the  growth  of  the  plant  somewhat  like  an  exogenous 
stem.  In  all  tho  living  vascular  cryptogams,  the  vascular  tissue  is 
produced  at  once  in  its  full  extent  except  in  Ixoetee,  which  has  a 
cambium  layer  surrounding  the  cylinder  of  wood  in  which  as  tho 
plant  grows  new  vascular  tissue  is  developed.  The  r.aua  of  thin-wallod 
spherical  cells  which  surrounds  the  woody  cylinder  in  Tmn&MlmtJ  um, 
and  which  is  so  rarely  preserved,  has  been  a  true  cambium  layer  like 
that  in  Itodes.  But  for  the  existeneo  of  this  small  watcr-pJant,  the 
largo  trees  of  tho  coal-forests  would  present  in  the  growth  of  their 
steins  an  inexplicable  anomaly. 

SigUfaria,  a  very  abundant  carbon ifcrous  fossil,  is  a  member  of  the 
same  family  as  Lcpidodewlron,  Its  stem  is  rarely  preserved  so  as  to 
exhibit  structure,  the  only  specimen  hitherto  described  being  S.  ele- 
gant, Brongn. ;  but  its  roots  are  frequently  found  in  a  very  perfect 
condition.  The  name  Stigmaria  was  given  to  the  roots  at  a  time 
when  they  wore  supposed  to  bo  independent  plants.  Their  relation 
to  SigiUaria  was  suggested  by  Prof.  Brongciort  from  tho  correspon- 
dence in  their  structure,  by  Sir  W.  Logan  from  the  position  the  two 
fossils  occupied  in  the  beds  in  which  they  occur,  and  tho  matter  was 
filially  set  at  rest  when  Mr.  Binney  observed  the  roots  and  stems  in 
actual  continuity. 

As  the  structure  and  arrangement  of  corresponding  parts  in  the 
same  plant  are  uniform,  as  of  tho  root,  stem,  branches,  and  axis  of  tho 
cone,  wo  may  supply  the  want  of  information  regarding  tho  stem  by 
that  which  can  be  obtained  from  the  root. 

The  root  is  composed  of  a  central  medulla  surrounded  by  a  cylinder 
of  scalariform  tissue,  and  this  again  is  invested  by  a  largo  cel- 
lular layer.  Tho  vascular  cylinder  is  broken  up  by  meshes  through 
which  passed  tho  vascular  bundles  to  the  rootlets.  There  aro  no  traces 
whatever  of  medullary  rays  in  tho  wood.  The  supposed  medullary 
rays  which  have  been  described  in  Sigiihui'i  aro  the  accidental  results 
of  desiccation  in  particular  specimens.  The  internal  structure  of  the 
stem  is  precisely  tho  same  as  in  Lejiidodcndrau,  to  which  it  is  closely 
allied.  Externally  it  has  a  very  different  appearance,  being  eithor  a 
simple  cylindrical  column,  or  in  some  species  ilivMiiiu'  <!icl»>ti>mously 
into  a  fow  thick  branches.  The  leaves  arc  long,  slender,  and  parallel- 
sided.  Their  scars  ornament  the  older  portions  of  the  stem,  on  which 
they  aro  arranged  in  perpendicular  series  with  intervening  furrows. 
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The  fruit  has  been  described  by  Goldenberg.  It  agrees  with  that 
which  I  have  described  ill  Fkmitujiteg  except  tliat  the  Email  sporangia 
are  scattered  in  an  irregular  patch  oyer  the  dilated  base  of  an  ordinary 
leaf,  and  this  confirms  the  systematic  position  which  I  have  given  to 
Si'jillaria.' 

The  terns  and  cither  genera  which  I  have  described  may  be  con- 
sidered the  types  of  tho  plants  t'i  svhiih  we  are  indebted  for  our  stores 
of  mineral  fuel.  They  grew  in  extensive  level  plains,  their  fleshy 
roots  penetrating  the  soft  mud  which  formed  tilts  surface  soil.  The 
moist  atmosphere  (not  at  nil  likely  to  have  been  charged  with  more 
carbonic  acid  gas  than  that  of  our  own  day)  would  encourage  the 
growth  of  cellular  pamwites  and  epiphytes,  and  the  Aroid  discovered 
by  Dr.  Pnterson,  with  tlie  several  species  of  Antholithes,  most  pro- 
bably represent  races  of  epiphytes  of  a  much  higher  organization  than 
the  cryptogamie  trees  on  which  tin  y  flourished. 

Coniforous  trees  may  have  grown  on  the  margins  of  the  plain, 
but  their  proper  habitat  seems  to  have  been  the  higher  ground,  from 
which  an  occasional  stem  was  floated  down  by  running  water  to  the 
plains  below.  What  plants  were  associated  with  tin  Gantfan  in  those 
upland  regions,  ib  as  yet  quite  unknown.  The  Flora  of  the  coal 
period  as  at  present  ascertained  is  that  of  tho  plains.  And  this  is  of 
high  interest,  apart  from  the  economic  value  of  its  products,  because 
it  reveals  to  tho  biologist  an  assemblage  of  plants  agreeing  in  all 
essentials  with  some  of  tho  humble  members  of  our  present  Flora,  but 
attaining  at  so  early  a  period  in  the  history  of  the  world,  a  develop- 
ment not  only  in  size,  but  in  organization,  greatly  in  advance  of  their 
modern  allies. 

[W.O.] 
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William  Spottibwoode,  Esq.  M.A.  F.R.8.  Treasurer  and  Vice- 
President,  in  the  Chair. 

E.  B.  Tylob,  Esq.. 

On  the  Siiri'i'vii!  <•/  Saraijc  Tlioicjlil  in  Mutlern  Civiliiation. 

The  present  argument  ia  concerned  with  portions  of  the  vast  mass  of 
evidence  bearing  on  the  subject  of  the  development  of  culture,  of  which 
some  examples  were  discussed  by  the  speaker  two  years  sinco  in  a 
discourse  on  tho  Early  Mental  Condition  of  Man.    It  is  now  proposed 
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to  chango  the  point  of  view,  and,  taking  for  granted  au  early  rode 
condition  of  mankind,  to  explain  some  phenomena  of  our  present 
civilization  as  being  traceable  survivals  ti'i.iu  more  primitive  states  of 
culture. 

Among  the  most  important  uses  of  the  study  of  survival  in  civili- 
zation, is  the  light  it  throws  on  superstition.  Throe  times  out  of  four 
Biiiierstition  iB  a  case  of  survival.  When  the  Hindu  Brahman,  making 
his  sacrifice,  has  to  forget  his  llint  ami  steel,  and  go  hack  to  the  simple 
wooden  tire-drill  for  making  lire  by  friction,  one  Brahman  pulling  the 
thong  backwards  and  forwards,  and  another  standing  with  tinder  to 
catch  the  sacred  spark,  he  believes  that  he  keeps  up  this  time-honoured 
process  in  order  hi  obtain  pure  and  holy  tire  ;  hut  we  see  that  it  is  a 
rudo  old  primitive  art,  long  discarded  in  practical  life,  but  retained  for 
ceremonial  use :  in  a  word  it  is  a  survival. 

Thus  it  is  with  superstition.  Some  eld  belief  or  custom  belonging 
to  a  low  level  of  culture  is  carried  on  into  the  midst  of  a  higher  civi- 
lization which  practically  disowns  it,  and  such  relics  of  ancient  thought 
not  only  survive,  hut  sometimes  revive  with  wonderful  vigour.  Medieval 
witchcraft  is  a  typical  instance  ;  it  was  no  new  product  of  medievalism, 
trot  a  revival  in  principle,  and  mostly  even  in  detail,  from  the  crudest 
savago  sorcery,  which  had  been  carried  along  the  course  of  civilization 
till,  finding  in  meditrval  life  a  congenial  soil,  it  burst  out  afresh,  and 
grew  apace  like  the  ill-weed  it  was. 

Witchcraft  is  all  but  dead  among  us,  but  thcro  is  going  on  at  this 
day  a  great  revival  of  belief  and  philosophy  from  the  same  low  stage 
of  culture  to  which  belongs  the  witchcraft  of  the  New  Zealander  or  of 
the  Puritan  of  the  Commonwealth.  Some  details  of  the  ethnography 
of  spiritualism  will  serve  to  show  that  it  is  an  example  of  savage 
thought  surviving  in  modern  civilization. 

The  world-wide  doctrine  of  spiritual  beings  has  been  described 
before  by  the  general  name  of  Animism.  Animism  is  the  doctrine  of 
all  men  who  believe  in  active  spiritual  beings ;  it  is  essentially  the 
antagonist  of  materialism,  and  in  seme  form  or  other  it  is  the  religion 
of  mankind,  from  the  rnde  savage  of  the  Australian  bush  or  the  Brazilian 
forest,  np  to  the  most  enlightened  Christian.  Now  Animism  in  the 
lower  civilization  is  not  only  a  religion,  but  also  a  philosophy  ;  it  has 
to  furnish  rational  explanations  of  one  phenomenon  after  another, 
which  we  treat  oh  belonging  to  biology  or  physics.  If  a  man  is  alive 
and  moving,  tlie  animistic  explanation  is  that  his  soul,  a  thin,  ethereal, 
not  immaterial  being  in  the  man's  likeness,  is  within  him  animating 
him,  just  as  one  gets  inside  a  coat  and  moves  it.  If  the  man  sleeps  and 
dreauiH,  then  either  the  soul  has  gone  out  of  him  to  see  sights  that  he 
will  remondier  when  he  wakes,  or  it  is  lying  n_uiet  in  bis  body,  receiving 
visits  from  the  spirits  of  other  people,  dead  or  alive— visits  which  wo 
call  dreams.  If  the  man  when  fasting  or  sick  sees  a  vision,  this  is  a 
ghost  or  some  other  spirit ;  if  ho  faints  or  falls  into  a  fit,  his  soul  has 
gone  out  of  him  for  a  time,  and  must  be  recalled  with  mystic  ceremonies; 
if  it  returns,  ho  recovers,  but  if  it  stays  away  permanently,  thou  the 
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man  is  dead.  If  the  man  takes  a  fever  or  goes  mad,  then  it  is  a  spirit 
which  1b  hovering  about  the  patient,  shaking  and  niid treating  hiin,  or 
it  has  got  insido  him  and  is  driving  liim,  tearing  him,  speaking  and 
crying  by  Lis  voice. 

These  details  aro  only  a  few  out  of  the  great  system  of  savage 
nnunism,  which  accounts  for  what  we  call  physical  causo  and  effect  as 
produced  by  the  immediate  action  of  spiritual  beings ;  but  even  theso 
are  enough  to  show  that  it  is  far  from  being  nonsense,  that  in  fact  it 
is  a  highly  rutional  theory  for  men  in  a  low  state  of  knowledge.  It 
is  common  to  hear  the  religion  of  savages  spoken  of  with  contempt  by 
those  who  Lave  never  realized  its  meaning  or  its  place  in  history,  but 
it  is  surely  unjust  to  despise  a  religion  which  is  abreast  of  the  highest 
intellectual  level  of  the  people  it  prevails  among,  and  which  is  part 
and  parcel  nf  their  most  advanced  knowledge. 

This  early  animistic  doctrine  is  to  a  great  degree  superseded  by 
science,  which  sees  in  dreams  and  visions,  not  objective  spiritual 
visits,  but  subjective  phenomena  of  the  mind,  and  regards  the  afflicted 
cataleptic  now  no  longer  as  doctor,  but  as  patient.  Yet  it  survives 
largely  in  popular  ladief,  and  has  even  from  time  to  time  come  np 
vigorously  in  revivals.  Ouo  of  theso  revivals  is  tbo  great  modern 
Spiritualistic  movement,  a  movement  duo  to  many  men,  but  perhaps 
especially,  though  indirectly,  to  the  intensely  animistic  teachings  of 
one  man,  Emanuel  Swcdcnliorg.  In  comparing  savage  and  barbaric 
with  modern  spiritualism  it  will  bo  better  to  give  typical  eases  rather 
than  to  multiply  details. 

As  tbo  Australian  native  sorcerer  or  the  Tatar  shaman  lies  in 
lethargy  while  his  soul  departs  to  tho  land  of  spirits,  so  it  is  usual  in 
modern  spiritualistic  narratives  for  persons  to  be  in  an  insensible 
state  when  their  apparitions  visit  distant  places,  whence  they  bring 
buck  information,  mid  where  they  communicate  with  tho  living.  Tho 
Greenland  augekok  sees  iu  his  visions  the  souls  of  the  dead  ;  they  are 
pole  and  soft,  and  he  who  tries  to  seize  them  feels  nothing,  for  they 
have  no  flesh,  nor  bone,  nor  sinew.  Among  tbo  Finns  the  professional 
shaman  can  see  the  ghosts  of  the  dead,  but  they  are  not  visible  to 
common  men  except  in  dreams.  Thus  the  apparitions  of  the  dead  aro 
seen  by  the  modom  spiritualist  in  vision  or  dream,  as  the  case  may  be, 
Swedenborg  relates  that  for  twenty-seven  years  ho  conversed  with  tho 
departed  spirits  of  relatival  and  friends,  of  knags  and  princes,  and  wise 
men ;  and  lie  protests  that  theso  arc  not  fictions  of  tho  imagination,  as 
many  will  believe,  but  really  seen  and  beard  in  a  stato  of  complete 
wakefulness.  There  may  bo  some  here  who  have  visited  the  house  of 
a  great  living  French  novelist,  and  have  seen  the  arm-chair  where  tho 
spirits  of  the  dead  sit  and  hold  converse  with  him — there  is  a  chain 
fastened  across  the  seat  to  keep  out  profane  visitors. 

When  the  soul  is  liberated  at  death,  is  a  suitable  moment  for  it  to 
appear  to  i>coplo  in  whom  it  takes  an  interest;  and  accordingly  tho 
wraith  or  fetch,  tho  apparition  which  announces  death,  occupies  in 
savage  psychology  the  intermediate  place  between  the  outgoing  soul 


1869.]  Savage  Thought  in  Modern  Civilization.  626 

of  the  living  and  tho  ghost  of  tho  dead.  The  Karens  say  n  man's  la, 
or  spirit,  appearing  after  death  may  thus  announce  it ;  the  Caribs 
give  the  name  of  warawtftgoam  to  souls,  which  by  their  appearanco 
announce  impending  death ;  in  Madagascar,  the  ambiroa,  or  apparition 
which  announces  death,  appears  not  only  to  others  but  even  to  tho 
dying  man  himself.  Thence  we  trace  on  the  belief  into  the  lives  of 
the  saints,  as  where,  when  St.  Ambrose  died,  now  ly- baptized  children 
saw  the  apparition  of  the  holy  bishop,  and  pointed  him  out  to  their 

Earents;  but  their  grosser  eyes  could  not  behold  him.  Folk-lore 
ept  up  the  wraith  in  Europe  as  part  of  the  well-known  Highland 
si ■{■■>] i [Wight,  Fifty  years  ago  Hacculloch,  in  his  'Description  of 
the  Western  Islands,'  declared  the  old  superstition  to  bo  dying  out ; 
"ceasing  to  be  believed,  it  lias  ceased  to  exist."  But  if  he  had  lived 
now,  ho  would  have  had  to  finish  his  sentence,  "  coming  to  be  believed 
again,  it  has  again  begun  to  exist"  Storios  of  wraiths  are  among  the 
most  habitual  phenomona  of  tho  "  night  sido  of  nature."  The  mass  of 
apparition  stories  in  spirituulistii:  books  are  of  types  so  familiar  that 
it  is  needless  to  quote  examples  from  them. 

Among  savage  animists  it  is  to  bo  observed  that  there  always 
arises  a  class  of  professional  conjurors,  who  live  in  special  intercourse 
with  the  spirits  and  porfonn  wonders  by  their  aid.  One  of  the  old 
Moravian  missionaries,  a  century  ago,  gives  an  account  of  the  way  in 
which  the  Greenland  sorcerers  used  to  go  on  thoir  spirit  journey  to  the 
other  world.  When  the  angekok  has  drummed  and  writhed  about  for 
a  while,  he  is  bound  by  one  of  his  pupils,  bis  head  between  hiB  legs, 
and  his  hands  behind  his  back.  The  lamps  are  put  out  and  the 
windows  darkened,  for  no  one  must  see  him  hold  intercourse  with  his 
spirit ;  no  one  must  move  or  even  scratch  his  head,  that  the  spirit  may 
not  bo  interfered  with ;  or  rather,  as  the  old  missionary  says,  that  no 
one  may  catch  the  sorcerer  at  his  trickery,  and  there  is  no  going  up 
to  heaven  in  broad  daylight.  At  last,  after  strange  noises  have  been 
heard,  and  a  visit  received  from  or  paid  to  tho  spirit,  the  magician 
rc-appcars  unbound,  but  pale  and  mated,  and  gives  an  account  of  his 
adventures.  The  Ojibway  conjurors  also  do  this  untying  trick  ;  and 
across  in  Siberia  the  shamans  practise  tho  same  coarse  juggle.  The 
shaman  sits  down  and  is  bound  hand  and  font,  tho  shutters  are  shut, 
and  he  invokes  the  spirits;  all  at  once  there  arises  a  ghostly  horror 
in  the  dark — voices  are  heard  in  different  parts,  and  a  rattling  nnd 
drumming  on  tho  dry  skin  the  shaman  sits  on  ;  bears  growl,  snakes  hiss, 
squirrels  leap  about  the  room.  At  last  it  is  over,  and  behold,  in 
walks  the  shaman  free  and  unbound  from  outside.  No  one  doubts, 
says  Castron,  that  it  was  the  spirits  who  were  drumming,  growling, 
and  hissing  in  the  yurt,  and  who  released  the  shaman  from  his  bonds. 
The  unbinding  trick  is  not  unknown  in  English  folk  lore,  and  it  is 
needless  to  point  out  the  similarity  in  the  exhibition  of  tho  Davenport 
Brothers. 

Savage  animism  flourishes  in  Central  Asia,  where  the  lamas 
have  long  boon  great  practitioners  in  the  now  familiar  art  of  table- 
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moving.      To  quote  only  ono  instance:  John  Bell,  of  Antermony, 

150  years  ago,  describes  tho  process  of  finding  a  thief  who  had  stolen 
soine  damask.  Tho  lama  got  on  a  four-legged  bench,  "and  soon 
carried  it,  or,  as  was  commonly  believed,  it  carried  him  to  the  very 
tent,  when  he  ordered  the  damask  to  be  produced.  The  demand  was 
directly  complied  with ;  for  it  is  in  vain,  in  such  cases,  to  offer  any 

One  of  the  most  celebrated  of  modern  spiritual  manifestations  is 
the  feat  of  rising  in  the  air.  This,  if  not  savage,  has  a  long  and 
curious  ethnographic  history.  It  is  familiar  to  Buddhism,  where 
every  saint  who  has  attained  to  "riddhi,"  or  perfection,  is  able  to 
rise  in  the  air,  as  also  to  overturn  the  earth  anil  stop  the  sun.  The 
appearanco  of  tho  miracle  in  the  Western  World  belongs  it  seems  to 
classic  times ;  foreign  conjurors  were  exhibiting  it  to  the  Greeks  in 
the  first  century.  After  a  while  it  became  a  regular  prodigy  of 
Christian  miracle.  Tho  Lives  of  the  Saints  swarm  with  it.  St 
Dominic,  St.  Dunstan,  St.  Philip  Neri,  St.  Ignatius  Loyola,  are 
umong  tho  list  of  saints  who  not  only  metaphorically  "rose  abovo 
tho  earth,"  but  wore  thought,  particularly  by  biographers  a  long 
while  after  they  were  dead,  to  have  literally  hung  suspended  in  tho 
air  in  life.  Thus,  when  St.  Eieliard,  the  Chancellor  to  St  Edmund, 
Archbishop  of  Canterbury,  one  day  softly  opened  the  chapel  door  to 
see  why  tho  archbishop  did  not  eomo  to  dinner,  he  saw  him  raised 
high  in  air  with  knees  bent  and  arms  stretched  out ;  falling  gently 
to  the  ground  at  sight  of  tho  iutruder,  the  prelate  complained  of  being 
thus  hindered  of  great  spiritual  delight  and  corufurt.  The  old 
archbishop's  mantle,  or  some  remnant  of  it.  has  now  descended  on 
Mr.  Home. 

As  to  the  means  by  which  disembodied  spirits  communicate  with 
living  men.  In  tho  first  place  they  appear  in  visions  or  dreams  and 
talk  with  the  living,  and  here  the  opinion  of  the  modern  spiritualist  is 
absolutely  identical  with  that  of  the  savage.  But  the  modern  medium 
may  also  introduce  into  spiritual  converse  arts  unknown  to  savage 
life,  spelling  and  writing.  Rapping  spirits  aro  so  far  savage  in 
principlo,  that  if  one  told  a  North  American  Indian  that  mysterious 
knocks  wore  done  by  a  spirit,  he  would  assent  at  once,  for  any 
mysterious  noise  is  to  his  mind  the  action  of  a  spirit.  But  savages 
do  not  seem  to  have  selected  a  special  class  of  knocking  spirits, 
though  this  spirit  abounds  in  civilized  folk-lore  He  is  tho  "knockor" 
the  Welshman  hears  underground  ;  tho  "  poltergeist "  who  routs  about 
in  German  peasants'  houses;  the  "vampire  "  who  tumbles  about  tho 
furniture  in  Crete.  Tho  spirits  had  begun  to  answer  questions  by 
knocks,  as  Dr.  A.  Dostian  has  shown,  in  the  middle  ages.    The  device 

Lof  an  alphabet  of  counted  raps,  1  for  A,  2  for  B,  &c,  was  adopted  in 
America  to  communicate  between  disembodied  and  embodied  spirits. 
Scientific  spirits,  it  is  alleged,  and  especially  Franklin's  spirit,  have 
contrived  to  adapt  electro-magnetic  vital  forces  to  produce  the  rappii 
sound.     That  the  messages  tho  spirits  send  aro  at  the  intelli    ' 
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lovel  of  the  mediums  who  receive  them,  need  hrmlly  ho  said  ;  they  are 
bo  foolish  that  intelligent  spiritualists  habitually  apologize  for  them, 
and  jpw'JNla)  may  indeed  some  day  become  a  word  for  "  ailly." 

Spirit  writing,  though  of  course  not  belonging  to  unlettered  savages, 
has  a  curious  ethnography.  It  is  well  known  in  China.  When  a  man 
wishes  to  consult  a  god  in  this  way  ho  places  a  table  befuro  the  imago 
with  candles  and  incenee,  an  oft'ering  of  tea  and  sham  money,  and  a 
large  platter  filled  with  sand.  A  V-shaped  wooden  handle  is  provided 
with  a  sharp  tooth  at  its  point ;  two  men  hold  this  instrument,  each 
grasping  one  leg  of  it,  the  point  resting  on  the  sand.  Then  the  god 
is  invoked,  and  his  spirit  descends  and  guides  the  pen  which  wriggles 
about  in  the  sand  and  writes  the  oracular  message.  Dr.  Bastian,  to 
whom  we  owe  bo  much  valuable  information  as  to  the  ethnography  of 
spiritualism,  adds  that  when  the  sprig  of  the  sacred  apricot  tree  is 
broken  to  make  the  spirit-pen,  the  precaution  is  taken  of  scratching  a 
suitablo  apology  on  the  bark  of  the  tree.  There  are  old  European 
accounts  of  writing  with  a  spirit-guided  pen,  and  there  is  an  instru- 
ment called  a  "  planchetto  "  made  and  sold  in  London  now,  a  little 
tripod  with  a  pencil,  which  two  persons  place  their  hands  on  and  wait 
for  a  disembodied  spirit  io  guide  tliem  to  wcite  messages. 

It  appears,  however,  that  spirits  can  dispense  with  such  material 
instruments.  Wo  remember  how,  during  the  Council  of  Nicata,  two 
of  the  bishops,  Clirysanthns  and  Myoma,  happened  inconveniently 
to  die,  so  the  acts  of  the  council  were  solemnly  laid  on  their  tombs, 
and  wore  found  in  tho  morning  with  the  dead  men's  subscription, 
thus, — "  Although  removed  from  earth,  we  have  signed  the  volume 
with  our  own  hands."  This  proceeding  has  lieen  renewed  in  our  own 
day.  For  example,  the  Baron  do  Guldenstubbe  has  published  a  book, 
'  Pneumatologic  Positive  et  Eiperimeutale,'  in  which  he  says  that  the 
spirits  of  tho  departed  do  hover  near  their  tombs,  and  haunt  places 
where  they  dwelt  "during  their  terrestrial  incarnation."  Louis  XV, 
and  Mario  Antoinette  roam  about  the  Trianon ;  Francis  I.  manifests 
himself  at  TTrilltatmiMw.  and  what  is  more,  if  you  leave  blank  pieces 
of  papor  in  suitablo  places,  thoy  will  concentrate  an  electric  current 
on  it  by  their  fore*.'  of  will,  ami  thus  impress  characters  tin  the  paper. 
The  Baron  publishes  foe-similes  of  the  spirit- writings  he  got  thus : 
Augustus  and  Julius  Cesar's  near  their  statues  in  the  Louvre,  Abelard 
and  Heloise  at  their  tomb  at  Perc-la-Chaise,  with  an  inscription  that 
they  oro  united  and  happy.  The  alphabetic  writing  of  tbe  surviving 
ancients  is,  it  must  be  confessed,  rather  queer  sometimes,  as  when  St. 
Paul  writes  himself  as  tkQrziv  rcuy  mrsrroXiv ;  when  Eippokrates 
wrote  his  name,  which  cured  an  attack  of  rheumatism  in  a  few 
minutes,  tbe  virtue  of  the  prescription  lay  perhaps  in  tho  great  phy- 
sician spelling  himself  with  a  long  *  and  a  short  £. 

What  is  now  being  discussed  is  not  the  positive  truth  or  falsity  of 
the  alleged  spiritual  phenomena  and  doctrines,  but  their  ethnography. 
There  may  bo  remarkable  fwynhnlofllnil  plttDOmaU)  "brain-waves," 
or  what  not,  involved  in  what  is  called  spiritualism,  as  there  wore 
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unquestionably  reraarkablo  morbid  phenomena  involved  in  what  was 
eallod  mesmerism.  But  thiB  is  not  tlie  question  here.  It  is  not 
merely  that  the  alleged  spiritualistic  facta  are  believed  in  by  savages 
and  barbarians,  and  disowned  by  civilized  science.  It  is  niueh  more 
than  this.  It  is  that  the  spiritaalutic  intern notation  of  the  alleged 
visions,  and  rappiugs,  and  writing,  ibe  belief  that  they  arc  produced 
by  disembodm!  spirits,  belongs  to  the  philosophy  of  savages.  Sot  a 
Chinese  and  an  English  medium  to  obtain  written  missives  from  the 
respective  spirits  thoy  believe  in,  and  let  a  wild  Ojibway  Indian  look 
on  at  the  performance.  So  far  as  the  presence  of  disembodied  spirits 
goes,  possessing  the  performers  nud  guiding  the  pencils,  or  manifesting 
themselves  by  raps,  or  voices,  or  other  actions,  the  savage  would  un- 
derstand and  admit  it  at  once,  for  such  things  arc  part  of  his  recognized 
system  of  nature :  the  only  part  of  the  affair  out  of  hie  line  would  bo 
the  art  of  writing,  which  dues  belong  to  a  higher  grade  of  civilization 
than  his.  Iu  a  word,  a  modern  medium  is  a  lied  Indian  or  a  Tatar 
shaman  in  a  dross-coat. 

Even  supposing  the  alleged  Its  ritualistic  facts  to  be  all  true,  and 
the  spiritualistic  interpretation  of  them  sound,  this  does  not  alter  the 
argument.  It  would  prove  that  savages  were  wise,  and  that  we  civilized 
fools  have  degenerated  from  their  superior  knowledge.  But  it  would 
remain  true  that  modern  spiritualism  is  a  survival  and  a  revival  of 
savage  thought,  which  the  general  tendency  of  eivtliziition  and  science 
has  been  to  discard.  This  is  the  case  of  spiritualism  as  seen  from  on 
ethnographic  point  of  view. 

To  turn  now  to  another  topic  bearing  on  survival  in  culture. 
Modern  games  are  often  survivals  of  weightier  mutters,  just  as  one  of 
man's  most  important  implements  of  war  and  livelihood  survives  as  a 
toy  in  the  tiny  bows  and  arrows  that  children  play  with  in  the  streets. 
There  is  one  interesting  group  of  sports,  which  there  is  some  ground 
for  treating  as  survivals;  these  are  games  of  chance.  We  all  know 
that  when  halfpence  aro  tossed  or  dice  cast,  no  special  physical  action 
takes  place  more  tlian  when  a  stone  is  thrown  to  the  ground.  We 
know  that  betting  on  the  turn-up  of  the  coin  or  die  is  an  appeal  to 
chance,  that  is,  to  our  own  ignorance  ;  not  that  the  process  of  turning 
up  is  extraordinary,  but  that  it  is  so  difficult  to  follow  that  wc  cannot 
foresee  its  result.  But  we  also  know  that  this  scientific  view  of 
chance  is  not  that  of  early  civilization.  It  was  not  thus  that  the 
South  Sea  Islander  linked  on  his  divination  by  lots,  that  the  African 
fetish-priest  shuffled  his  bits  of  leather  for  omens,  that  the  crowd 
prayed  the  gods  with  uplifted  hands  while  the  champions  cost  lots 
in  Agamemnon's  helm  to  learn  who  should  go  forth  to  do  battle  with 
Hektor  and  help  the  w  ell-greuved  Greeks.  The  uncivilized  man 
fancies  that  lots  or  dice  aro  being  adjusted  in  their  full  with  reference 
to  the  meaning  he  chooses  to  attach  to  it;  and  especially  ho  imagines 
spiritual  beings  standing  over  the  diviner  or  the  gambler,  shuffling 
too  lots  or  turning  up  the  dice  to  make  them  give  certain  answers. 
This  view  held  on  strongly  into  the  middle  ages,  and  one  o* 
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remarkable  movements  of  the  seventeenth  century  was  when  Thomas 
Ga  taker,  the  Puritan  minister,  attacked  the  supernatural  theory  of  lots 
and  games  of  chance  in  a  treatise  in  small  quarto. 

The  supernatural  theory  of  lota  is  dying,  hut  not  dead,  for  fortune- 
telling  with  cards,  turning  up  tests  for  omens,  and  so  forth,  still 
survive  largely  in  civilized  Europe.  How  directly  supernatural 
interpretation  is  connected  with  gambling  in  tho  popular  mind,  we 
may  judge  from  the  people  of  Southern  Europe,  who  espect  thoir 
patron  saints  to  help  them  to  lucky  numbers,  or  from  the  Lusatian 
peasant,  who  slily  hides  his  lottery-ticket  under  tho  cloth  of  the  com- 
munion-bible,  that  it  may  receive  the  blessing  with  tho  snerament  and 
stand  a  better  chance  of  a  prize.  Arts  of  divination  and  games  of 
chance  are  identical  in  principle  and  in  great  measure  in  detail. 
The  dice  with  which  the  Greek  oracle  and  the  African  sorcerer  give 
omens  are  not  to  be  distinguished  from  gamblers'  dice.  Lots  serve 
both  purposes.  The  Chinese  gambles  by  drawing  lots,  and  also  hie 
market-places  ore  crowded  by  professional  diviners  who  draw  lots 
for  omens.  The  Chinese,  haWOTtiEj  with  all  their  lovo  for  old  customs, 
dislike  being  practically  inconvenienced  by  them;  bo  whon  a  Chinese 
makes  up  his  mind  what  to  do,  he  goes  to  a  lot-drawer  and  takes  an 
omen  ;  but  if  the  omen  is  not  what  ho  wants  he  will  try  again  and 
again,  and  at  last,  when  he  gets  the  omen  ho  required,  that  he  will 
act  on.  Again,  playing-cards  are  used  alike  for  games  and  for  carto- 
mancy, fortune-tellers  preferring  tho  very  old  fashioned  ones  known 
as  tarots,  which  ore  much  more  complicated  than  ours,  and  lend  them- 
selves to  a  greater  variety  of  onions. 

Now  the  question  is,  Arc  games  of  chance  in  general  survivals  from 
serious  divination  ?  It  is  hard  to  settle  a  precedence  betweon  them  ou 
distinct  evidence,  but  there  are  two  coses  where  it  is  known  which  use 
came  first.  There  is  a  well-known  South  Sea  Island  art  of  divination 
by  spinning  a  cocoa-nut ;  tho  persons  interested  sat  in  a  circle,  and 
the  cocoa-nut  was  spun  in  the  middle;  the  oracular  answer  was 
according  to  the  person  or  place  towards  which  the  monkey-face  of 
the  fruit  was  directed  when  it  stopped.  Now,  though  the  Samoan 
Islanders  in  Mr.  Turner's  time  had  left  this  off  as  a  moans  of  divina- 
tion for  discovering  thieves,  Sec,  they  still  kept  it  up  as  a  game  of 
forfeits.  Again,  there  was  a  Greek  art  of  divination,  called  kottabos, 
which  consisted  in  flinging  wine  out  of  a  cup  into  a  metal  basin  some 
way  oil  without  spilling  any,  the  thrower  saying  or  thinking  his 
mistress's  name,  and  judging  from  the  clear  or  dull  splash  of  tho  wine 
what  his  fortune  in  love  would  bo ;  but  in  time  the  magic  passed  out 
of  tho  sport,  and  it  became  a  mere  game  played  for  a  prize.  Now  the 
question  is  whether  these  two  cases  are  typical.  If  so,  wo  may  con- 
sider games  of  chance  as  survivals  from  the  corresponding  processes 
of  divination  ;  that  they  are  divination  in  sport  made  gambling  in 
earnest.  And  it  is  so  much  a  rule  of  survival  that  tho  sportive  use  of 
an  art  is  derived  from  its  serious  use,  that  this  hypothesis  of  the 
general  origin  of  games  of  chance  sccius  a  plausible  one. 
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Again,  as  to  tbo  superstitious  practices  which  belong  to  peasant 
folk-lore,  and  which  aro  really  survivals  from  n  low  philosophy  of 
religion,  let  us  take  one  example.  It  is  one  of  the  principles  of  the 
lower  animism  that  diseases  are  caused  by  spirits  possessing  or  attack- 
ing the  patient.  It  is  another  principle  that  spirits  may  embody 
themselves  for  a  time  in  any  material  object ;  this  is  thu  main  theory 
of  fetishes  and  fetish  worship."  Thus  the  disease-spirits  may  be 
persuaded  to  come  out  of  the  patient,  and  get  into  some  object  pre- 
pared for  them.  To  take  an  instance  from  the  Siberian  tribes  whose 
table-moving  I  have  mentioned  :  when  a  man  is  possessed  with  a 
demon,  or  as  we  should  say  when  ho  is  ill,  it  becomes  the  business  of 
the  priest  to  charm  the  spirit  out  into  a  doll,  and  so  tho  patient  gets 
well.  Or  the  disease-spirits  may  bo  got  into  rags,  or  locks  of  hair, 
&c.,  and  hung  on  trees.  African  sacred  trees  are  hung  all  over  with 
such  objects,  and  such  trees  with  offerings  for  diseases  exist  to  this 
day  within  the  limits  of  Great  Britain.  There  are,  probably,  some 
here  who  can  remember  their  nurses  charming  little  diseases  out  of 
them  into  nails  or  knots,  and  so  getting  rid  of  them. 

But  to  suppose  tho  principles  and  rites  of  the  religion  of  tho  lower 
races  to  be  unly  represented  in  that  of  the  higher  races  by  little 
surviving  superstitions,  would  be  an  utterly  one-sided  view.  Many 
most  important  thoughts  and  rites  of  religion — worship,  prayer,  sacri- 
fice, penance,  fasting — may  be  traced  upwards  from  the  lower  races 
more  or  lesB  far  into  the  faiths  of  the  higher  nations,  modified  and 
adapted  in  their  course  to  fit  more  advanced  culture  and  loftier  creeds. 
This  is  too  large  a  subject  to  bo  entered  on  now,  but  let  us  glance  at 
an  example  or  two  from  tho  ethnography  of  religious  ceremony. 

Ceremony  is  part  of  tho  gesture-language  of  mankind,  and  acts 
dramatically  the  ideas  it  signifies.  For  example,  among  the  religious 
ideas  of  men,  lew  lie  deeper  in  history  than  the  association  of  bodily 
cleansing  with  ceremonial  or  moral  purity.  By  obvious  metaphor, 
such  words  as  clean  or  pure  aro  applied  to  purification  from  guilt, 
ceremonial  contamination,  or  moral  sin.  And  what  we  thus  express 
in  words,  the  men  of  tbo  lower  culture  l>egan  early  to  act  in  ceremony, 
purifying  objects  or  persons  by  various  imitative  rites,  especially  by 
passing  them  through  fire,  or  dipping  them  is,  or  sprinkling  them 
with,  water.  If  we  look  at  the  distribution  of  these  rites  of  lustration 
among  the  races  of  tho  world,  we  shall  find  that  their  diversity  of 
detail  and  purpose,  to  say  nothing  of  other  reasons,  seems  to  forbid 
our  considering  them  as  all  adopted  from  any  single 

*  It  is  well  known  flint  the  PortntfMae  gave  the  name  of  feitico,  ' 
to  tin'  liit-i  ill'  .-1 1'ii'-.  In 'in',  11  [nl  Dl  In  i  rnliliisli  «'■■!>  In'i']*-'!  In  the  Lii'jjrm-s 
tallies  of  supernal  null  U-inys,  and  ivu  ;id»i>led  thu  word  as  fetish.  l)nt 
bad  really  been  English  ages  before  in  a  different  aense.  Latin  fa 
Pnrtugueuo  ftitifu  io  the  sense  of  magic  art,  hut  was  nlso  adopted  from 
FniH'li  into  taiglii-li  as  frlyt,  wull  inside,  neat.  Il  wur 
tation  from  Chancer ; 

"  And  Frcuscli  oelie  ajmk  ful  fiiire  and  fetynhj"  Ac, 
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Such  ceremonies  are  cither  practical  ckuusings  done  ceremonially,  or 
they  are  pure  ceremonies  ;  they  have  little  to  do  with  cleanly  habits, 
and  do  not  in  the  least  prove  that  the  people  who  practise  them  hold 
cleanliness  to  bo  next  to  godliness.  Genghis  Khan's  Tatars,  who  had 
a  conscientious  objection  to  taking  off  their  clothes,  omsidcml  them- 
selves sufficiently  purifioil  by  passing  through  the  fire,  and  the  modern 
Persian  is  a  striking  example  of  tho  way  in  which  ceremony  may 
overrido  reality.  He  will  wash  his  eyes  when  they  have  been  polluted 
by  seeing  an  infidel,  he  will  cany  about  a  water-pot  with  a  long  spout 
for  his  ablutions,  but  he  neglects  the  simplest  sanitary  rules,  and 
obtains  ceremonial  purification  by  dipping  in  a  disgusting  little  tank 
of  water  where  a  hundred  people  may  have  been  before  him. 

The  same  thought  seems  to  run  through  all  the  ceremonies  of 
lustration,  but  tho  details  differ  extremely,  and  seem  to  have  been  in 
great  measure  developed  independently,  as  a  few  typical  oxaniples  will 
show.  The  Kafirs,  who  are  not  in  the  habit  of  washing  on  ordinary 
occasions,  perform  a  ceremonial  ablution  after  a  funeral,  as  do  tho 
modern  Hindus.  The  Romans,  returning  from  a  funeral,  were  purified 
both  by  being  passed  over  firo  and  being  sprinkled  with  water,  and 
the  same  double  rite  was  observed  in  the  annual  lustration  of  the 
flocks  at  tho  Palilia.  Among  the  aborigines  of  India  and  South- 
East  Asia,  when  a  child  is  born  tbo  mother  undergoes  a  ceremonial 
lustration,  and  it  is  then  that  among  the  Kols  of  Chota  Nagpur  the 
child  is  named.  Tbo  New  Zealand  ceremony  of  washing  young 
children  is  highly  remarkable.  The  baby  is  taken  to  tho  stream  and 
dipped  or  sprinkled  by  a  native  priest ;  the  priest  chants  a  list  of 
names  of  its  ancestors,  and  the  one  at  which  tho  child  sneezes  or  cries 
is  tho  name  it  is  considered  to  choose  for  itself.  The  object  of  this 
ceremony  seems  to  be  the  removal  of  the  original  tapa  under  which 
the  child  is  born,  which  taptt  may  also  bo  removed  by  another  cere- 
mony, a  pretence  of  eating  the  child.  The  Lapps  also  named  their 
children  with  a  ceremonial  miring  in  early  limes,  and  long  kept  up 
this  native  rito  in  private  aftor  their  conversion  to  Christianity.  And 
again,  the  Jakuns  of  the  Malay  peninsula  and  the  Aztecs  of  Mexico 
were  remarkable  for  lustrating  infants  both  with  fire  and  water. 

Another  motive  for  ceremonial  lustration  is  to  drive  out  demons, 
as  was  done  in  classic  and  mediteval  times,  and  as  the  Zend  Avesta 
describes  the  driving  out  of  the  Drukhs  Naeus  by  sprinkling  with 
holy  water,  which  drives  it  from  limb  to  limb,  till  it  escapes  at  the 
toes.  It  is  needless  to  enter  here  into  the  ceremonial  lustrations  of 
tbo  Jews  and  their  baptism  of  proselytes.  The  rito  which  appears 
over  so  great  a  geographical  range,  and  can  bo  traced  through  so  many 
stages  of  culture,  appears  within  tho  limits  of  Christendom  in  the 
comparatively  insignificant  practice  of  aspersion  with  holy  water,  but 
especially  holds  its  place  almost  throughout  Christianity  in  the  bap- 
tismal ceremony. 

To  tako  one  last  example  from  religious  ceremony  :  wo  have  but 
to  think  of  sunrise  and  sunset  to  understand  how  early  must  have  been 
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tho  association  in  men's  minds  of  tho  East  with  the  source  of  light  a 
warmth,  life  and  happinesH  and  glory  ;  of  tho  West  with  darkness 
and  chill,  death  and  decay.  Where  the  sun  goes  to  his  daily  death  at 
sunset,  thitherward  the  soul  departs  to  the  other  world.  As  the  spirit 
of  the  dead  Australian  hovers  for  a  while  on  earth,  and  goes  at  last 
toward  the  setting  sun  ;  as  Fijian  souls  start  for  the  judgment-Beat  from 
tho  Western  Cape ;  as  the  Ojibway's  shade  follows  a  wide  and  beaten 
path  westward,  and  crossing  tho  deep  and  rapid  river  comes  to  the 
land  abounding  in  game,  and  joins  his  rejoieing  kindred  in  their  lodge ; 
so  the  Egyptian  dead  went  West  to  the  death-land  of  Amonti,  and 
among  our  Aryan  forefathers,  in  Mai  Miiller's  words,  "  As  the  East 
was  to  tho  early  thinkers  the  source  of  life,  tho  West  was  to  them 
Nirriti,  the  Exodus,  the  land  of  death," 

Nothing  could  bring  out  more  clearly  the  full  significance  of  tho 
West  as  the  region  of  Doath  than  the  details  of  tho  consecration  of 
tho  pickaio  by  the  murderous  Thugs  of  India,  worshippers  of  Kali 
the  death-goddess.  In  her  honour  it  is  that  the  victims  are  murdered  ; 
to  her  is  dedicated  the  pickaxe  with  which  the  graves  of  the  slain  ore 
dug.  On  that  dreadful  implement  no  shadow  of  any  living  thing 
must  fall ;  its  consccrator  sits  facing  the  West  to  perform  the  four- 
fold washing  and  the  seven-fold  passing  throng}]  the  fire,  and  then. 
duly  consecrated,  it  is  placed  on  the  ground,  and  the  bystanders 
worship  it  with  faces  turned  to  the  West. 

On  the  other  hand,  the  thought  of  tho  deities  as  in  tho  region  of 
sunrise  is  familiar  to  the  savage  mind  in  South  America,  as  when  tho 
Jumanas  turn  the  faces  of  thoir  dead  to  tho  East,  where  dwell  the  two 
great  deities,  the  Good  and  Bad  Spirit ;  and  so  the  Guarayos  turn  their 
corpses  to  the  East,  to  go  to  tho  happy  country  of  Tamoi,  tho  grand- 
father, the  ancient  of  heaven.  In  countries  where  sun-worship  prevails, 
there  prevails  with  it  tho  right  of  adjusting  the  temple,  and  turning 
the  worshippers,  to  the  east.  One  of  tho  groat  ceremonial  rites  of  the 
Apalaches  was  performed  at  sunrise,  when  the  priest  stood  at  the  door 
of  the  temple  hut  and  adored  the  Eastern  sun ;  the  cave-temples  of 
the  Floriduns  opened  eastward  to  receive  the  first  rays  of  the  luminary; 
in  Mexico  men  turned  to  the  East  in  prayer,  and  the  kindred  Nica- 
raguans  doclared  the  gods  to  be  in  the  region  of  sunriso  ;  in  Penman 
sun-temples  the  duorri  looked  east,  so  that  at  dawn  the  sun's  rays  foil 
on  the  golden  disc,  and  the  pooplo  saw  and  greeted  their  national 
deity.  This  is  the  rite  which  the  prophet  Ezckiel  describes  as  ho  sees 
it  in  horror-stricken  vision  :  "  At  the  door  of  the  temple  of  the  Lord 
about  five-and-twenty  men,  with  their  hacks  toward  the  temple  of  the 
Lord,  and  their  faces  toward  tho  east,  and  they  worshipped  tho  sun 
towards  the  east."  Predominant  as  suu-worship  was  in  Aryan  thought, 
what  is  more  natural  than  that  the  Brahman  should  turn  to  the  east, 
and  that  Vitruvins  should  givo  directions  so  elaborate  for  adjusting 
the  temples  and  altars  of  the  immortal  gods  by  the  same  rule  of  cast 
and  west  followed  by  church  builders  now. 

In  speaking  of  the  sular  symbolism  of  cant  and  west  within  Chris- 
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tianity,  I  do  not  mean  such  exceptional  cases  as  that  Cliristiu.ii  sect 
which  Leo  I.  describes  in  the  fifth  century,  as  stopping  on  a  hill  and 
bowing  to  the  rising  sun  before  entering  the  Basilica  of  St.  Peter, 
which  the  Pope  says  "  eomoa  partly  from  ignorance  and  partly  from 
the  spirit  of  paganism,  and  wflliets  us  extremely."  I  mean  rather  suoh 
ceremonies  as  the  baptismal  rite  about  the  fourth  century,  which  con- 
trasts East  and  West  with  the  utmost  fulness  of  symbolism.  Cyril  of 
Jerusalem  thus  describes  tbo  scene  :— "  Ye  were  first  brought  into  tho 
ante-room  of  the  baptistery,  arj-1  placed  htaudiug  toward  the  west  (tho 
sunset),  and  thon  commanded  to  renouiico  Satan  by  stretching  o:it 
your  hands  against  him  as  if  he  wero  present  .  .  .  And  why  did 
ye  stand  toward  the  west?  it  was  needful,  for  the  sunset  is  the  typo 
of  darkness,  and  bo  is  darkness,  and  has  his  strength  in  darkness ; 
therefore  symbolically  looking  to  tho  west  yo  rcnounco  that  dark  and 
gloomy  ruler."  Then  turning  round  to  the  east  the  catechumen  took 
np  his  allegiance  to  his  master,  Christ.  Thus  Jerome  says: — "In 
the  mysteries  we  first  ronounco  him  who  is  in  the  west,  and  dies  to  ub 
with  our  sins,  and  so  turning  to  tho  east  we  make  a  compact  with  tho 
Sun  of  Righteousness,  and  promise  to  be  bis  servants."  This  perfect 
double  rite  of  east  and  west  is  retained  in  the  Eastern  Church,  and 
may  he  seen  in  Russia  to  this  day.  Tho  partial  ceremony  of  orientation 
of  churches,  and  tho  practice  of  turning  toward  tho  east  in  worship, 
which  quite  naturally  caused  early  Christians  to  bo  accused  of  being 
eon-worshippers,  are  common  to  both  churches. 

But  it  is  quite  curious  to  seo  how  far  tho  solar  origin  and  meaning 
of  this  practice  lias  been  forgotten  in  modern  times.  If  yon  ask  tho 
meaning  you  will  often  be  told  it  has  to  do  with  turning  towards 
Jerusalem,  as  if  tho  church-builders  in  Normandy  and  England  did 
not  know  east  from  south-east.     Tho  absurdity  of  tho  notion  is  shown 


the  other  side  of  Jerusalem, 
n  Europe.     But  how  can  nnyono 
lything 


by  the  fact  that  tho  churches  in  Asi 

turn  oast  as  religiously  as  they  do 

expect  to  know  the  origin  and  moai 

else,  without  knowing  the  ethnographic  facts  which  show  the  history 

of  their  development.    Those  who  would  understand  such  things  must 

do  as  tho  Patriarch  of  Constantinople  himself  recommended  not  long 

ago,  they  must  have  recourse  to  the  "  historical  method." 

In  the  beginning  of  his  '  Positive  Philosophy,'  Augusts  Comte  in- 
cidentally lays  down  a  maiim  which  all  oUhnDgnphers  may  adopt  as  a 
standing  rule.  It  is  simply  this  remark,  that  "  no  conception  what- 
ever con  bo  understood  except  through  its  history."  The  more  wo 
study  civilization,  the  more  clearly  wo  shall  see  that  the  civilization 
of  any  ago  is  not  a  now  creation  to  meet  the  wauts  of  that  ago,  but 
that  it  is  a  result  of  past  times,  modified  to  meet  new  conditions  of 
life  and  knowledge,  yet  showing  in  its  coses  of  survival  clear  vestiges 
of  tho  course  of  its  development. 

The  attempt  to  understand  advanced  stages  of  knowledge,  belief, 
art,  or  custom,  without  understanding  their  earlier  stages,  is  not  only 
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ineffectual  but  misleading.  To  a  certain  extent  peoplo  acknowledge 
this  i  that  our  forefathers,  and  tho  forefathers  of  the  French  and 
Germans,  and  those  of  tho  classic  Greeks  and  Uomans,  were  once 
barbaric  tribes  is  matter  of  mere  commonplace,  and  it  is  not  ques- 
tioned that  an  acquaintance  with  their  early  condition  is  needed  to  see 
the  moaning  of  the  higher  culture  into  which  they  rose.  But  we  must 
go  further  than  this.  If,  as  it  seems,  the  savage  stands  in  somewhat 
the  same  relation  to  the  barbarian  that  tho  barbarian  does  to  the 
civilized  man,  it  is  needful  that  the  student  should  gain  the  most 
thorough  comprehension  not  only  of  barbarian,  but  also  of  savage  life, 
in  order  that  ho  may  be  able  to  trace  np,  from  as  primitive  a  state  as 
possible,  tho  phenomena  of  civilization,  whether  they  have  become 
greater  and  stronger  in  their  after-dcvelopinent  or  hove  lingered  as 
obscure  survivals.  The  moment  such  an  attempt  is  made,  its  value 
becomes  evident.  To  mention  only  English  students,  no  one  could 
read  Mr.  M'Leunan's  researches  in  early  law,  Sir  John  Lubbock's 
comparisons  of  historic  with  pro-historic  savages,  Colonel  Lane  Fox's 
lectures  on  the  development  of  weapons,  and  deny  this. 

Savages  display  thoughts  and  practices  whose  origin  is  compara- 
tively intelligible ;  far  more  intelligible  than  in  tho  modified  state  in 
which  we  have  them  as  survivals  at  higher  grados  of  culture.  The 
notion  of  transferring  a  diseoso-spirit  to  a  bit  of  stick  is  part  and 
parcel  of  consistent  savage  philosophy,  bnt  when  it  lingers  among 
civilized  men  it  is  an  absurd  superstition  ;  the  savage,  in  child-like 
good  faith,  turns  toward  the  rising  sun  as  toward  a  great  and  good 
living  lord,  whereas  the  rite  is  continued  in  barbaric  religions  with  a 
less  materialistic  sense  of  worship,  and  passes  at  last  into  a  now 
symbolism. 

No  apology  is  offorod  for  tho  incongruous  selection  of  topics  which 
have  been  discussed  or  alluded  to  this  evening.  Time  made  it  so  im- 
possible to  trace  out  tho  course  of  survival  as  a  general  whole,  that 
examples  were  intentionally  taken  almost  at  random  to  show  how  on 
point  after  point  through  the  vast  range  of  modern  thought  the  savago 
has  something  to  say,  and  even  something  of  consequence.  It  is  a 
very  familiar  thought  that  it  may  be  a  duty  of  civilized  life,  and  cer- 
tainly is  its  effect,  to  put  an  end  to  savagery  in  tho  world.  Tho 
settler  and  the  trader  are  hard  at  work  moro  or  less  humanely,  in 
abolishing  savagery.  Tho  missionary,  in  his  noble  efforts  to  civilize 
and  Christianizo  the  unhappy  lingering  savage  races,  tries  to  help 
them  as  best  ho  may  across  the  huge  gulf  that  separates  savage  from 
civilized  life.  But  perhaps  it  is  not  quite  so  familiar  a  thought  that 
knowledge  of  savage  lifo  has  actually  gained  in  the  course  of  its 
destruction.  How  ridiculously  litllc  the  classic  world  knew  or  cared 
about  savages,  though  they  abounded  in  its  outskirts  !  Onr  main 
knowledge  of  them  is  media.val  and  modern,  collectod  in  the  process 
of  improving  them  off  the  face  of  the  earth. 

What  savagery  had  to  teach  lias  been  written,  as  it  were,  on  Sibyl- 
line books,  little  cared  for  while  they  were  plentifully  offered,  but 
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which,  now  that  there  are  but  a  few  left,  we  are  willing  to  buy  for  a 
price,  and  read  with  eager  eyes.  Much  as  we  have  lost  of  the  details 
of  the  life  of  these  modern  representatives  of  pro-historic  man,  we  are 
not  quite  too  late.  Through  the  vast  range  of  human  thought  and  art, 
the  savage  can  give  hints  full  of  interest  and  value  as  to  the  origin 
and  development  and  meaning  of  our  own  life ;  and  the  civilized  man 
who  goes  to  teach  may,  in  many  things,  remain  to  learn. 

[E.  B.  T.] 


WEEKLY  EVENING  MEETING, 

Friday,  April  30, 1869. 

Sir  Henry  Holland,  Babt.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

Robebt  H.  Scott,  Esq.  M.A. 

DIRECTOR  OF  THE  METEOROLOGICAL  OFFICE. 

On  the  Work  of  the  Meteorological  Office,  Past  and  Present. 

A  little  more  than  seven  years  ago,  Admiral  FitzBoy  addressed  an 
audience  in  this  theatre  on  the  subject  of  the  system  of  Meteorological 
Telegraphy,  then  for  twelve  months  in  operation — a  system  whose 
introduction  and  establishment  were  mainly  due  to  his  own  efforts.  The 
popularity  which  this  subject  of  inquiry  very  naturally  assumed  in  a 
country  like  our  own,  with  its  extended  coast-line,  at  times  exposed 
to  all  but  incessant  storms,  has  had  a  tendency  to  mask  the  work  for 
which  the  office  was  in  the  first  instance  founded,  and  which  it  has 
persistently  endeavoured  to  carry  out. 

Accordingly,  in  a  discourse  "  On  the  Work  of  the  Meteorological 
Office,  Past  and  Present/1  I  may,  perhaps,  be  excused  if  I  occupy  a 
few  minutes  in  a  brief  account  of  what  the  origin  of  the  office  was. 

The  primary  object  for  which  it  and  all  the  other  similar  offices 
wore  established,  was  the  acceleration  of  ocean  routes  for  vessels  by 
an  accurate  investigation  of  the  prevalent  winds  and  currents  in  the 
various  parts  of  the  sea.    Many  years  ago,  Basil  Hall  said : — 

"  It  is  ono  of  the  chief  points  of  a  seaman's  duty  to  know  where  to 
find  a  fair  wind,  and  where  to  fall  in  with  a  favourable  current." 

Long  before  his  time,  however,  Mr.  Marsden,  who  was  Secretary 
to  the  Admiralty  at  the  beginning  of  this  century,  had  proposed  the 
plan  of  dividing  the  sca-surfaco  into  squares  by  means  of  tho  parallels 
and  meridians,  in  order  to  determine  accurately  the  winds,  &c,  close 
to  the  equator.  Mr.  Marsden's  method  of  subdivision  has  been  since 
universally  adopted. 
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The  first  impulse  to  tLo  present  work  was  given  by  Sir  J.  Bur- 
goyne,  who,  iu  1852,  started  the  idea  of  land  observations  on  a. 
extensive  scale,  tn  bo  carried  out  hy  the  Corps  of  Royal  Engineers. 

Lieutenant   Maury  had   then   been   working  for   several  years  at 

Washington, 1  the  United  States'  authorities  wore  consulted  by  a 

(iiivcr ent  as  to  the  possibility  of  their  co-operating  in  the  sehem 

In  their  reply,  they  suggested  its  extension  to  sea  observations. 

The  correspondence  was  then  referred  to  the  Royal  Society,  i 
pointed  out  to  the  Government  the  grout  diliiculties  which  stood  in 
the  way  of  internet  ioiml  co-operation  in  laud  observations,  owing  to  the 
want  of  satisfactory  self-recording  instruments  which  should  render 
the  system  independent  of  differences  if  scales  and  of  hours  of  obser- 
vation, to  which  observers  in  different  countries  were  attached.  The 
Roy  ill  Society  warmly  supported  the  scheme  for  marine  meteorology. 

In  brief,  then,  the  Brussels  Conference  met  in  August,  1853 ;  most 
maritime  nations  wore  represented  at  it,  and  a  uniform  plan  of  action 
was  adopted. 

Subsequent  to  this,  the  National  Observatory  at  Washingtor 
tinned  to  work  steadily  until  the  war  broke  out, 

Holland  established  its  Royal  Meteorological  Institute  in  1854 
which  is  now  in  activo  operation. 

At  the  end  of  that  year,  Mr.  Cardwoll.  then  President  of  the  E 
of  Trade,  resolved  to  establish  a  Meteorological  Department  of  t 
office,  and  appointed  Admiral  FitzRoy,  then  a  captain,  as  its  chief. 

At  the  present  time,  sixteen  years  after  the  Brussels  ('■  inference, 
the  subject  is  again  attracting  general  attention.  The  National  Ob- 
servatory at  Washington  ih  being  resuscitated,  if  I  may  nse  the 
exprossiou  ;  and  other  countries  are  commencing  the  work,  BSpeoMb 
our  own  countrymen  in  India  and  in  the  Mauritius  where  systematic 
work  has  been  going  on  for  years  under  Mr.  Meldrum. 

The  most  recent  recruits  have  been  the  towns  of  Hamburg  and 
Bremen,  who  have  established  the  NoiiMoutsche  Seewarte,  under  the 
able  superintendence  of  Horr  W.  von  Freeden,  formerly  of  the  Navi- 
gation School  at  Elsfleth,  and  have  commenced  the  investigation  of 
marine  meteorology  with  great  vigour. 

The  Royal  Society  were  requested  by  the  Government  in  1855  to 
furnish  what  might  bo  called  "  Sailing  Directions  "  for  tlie  new  office, 
which  they  accordingly  did,  in  a  most  copious  and  complete  manner. 
The  suggestions  contained  in  their  letter  continue  to  form  the  basis 
of  the  operations  of  the  office,  with  the  exception  of  one  or  two 
matters  which  havo  boen  taken  up  by  the  Hydrographie  Office  of  the 
Admiralty. 

Admiral  FitzRoy  on  his  appointment  began  work  on  a  very  com- 
prehensive scale.  The  first  thing  to  bo  dono  was  to  provide  trust- 
worthy instruments,  and  accordingly  relations  were  entered  into  with 
tho  Committee  of  the  Kow  Observatory,  which  have  since  ripened 
into  the  present  close  connection  between  the  two  establishments. 

A  barometer  recommended  by  that  Committee  was  adopted  n 


shments. 

.... 


I860.] 


ii  (he  Work  of  the  Meteorological  Office. 


637 


one  best  suited  for  uso  at  sea,  and  the  samo  gentlemen  furnished 
specifications  for  the  construction  of  the  other  instruments  employed 
in  the  various  observations.  In  addition  to  this,  all  the  instruments 
issued  by  the  office  havo  boon  vorifiod  at  Kew. 

The  practice  of  the  office  is  to  lend  to  observers  instruments, 
which  are  returned  at  the  end  of  the  voyage,  together  with  a  register 
of  observations  taken  with  them,  prepared  on  a  plan  similar  to  that 
adopted  at  Brussels, 

Admiral  Fitzlloy,  in  order  to  place  in  the  hands  of  seamen  results 
already  obtained,  proceeded  to  publish  translations  of  foreign  works, 
and  more  especially  reproductions  of  Maury's  charts,  embodying  with 
the  data  iu  them  lluwj  ohtainerl  from  materials  in  his  own  office.  In 
this  way  the  series  of  Board  of  Trade  wind-charts  have  been  prepared. 

Tho  issue  of  instruments  went  on  for  some  time  very  freoly,  and 
registere  rapi'liv  MOfltodstl  d,  so  that  it  speedily  became  evident  that 
the  staff  of  the  office  could  nut  cope  with  the  work  which  came  on  it. 
When  this  fact  forced  itself  on  the  notice  i.>f  the  chief,  his  own  attention 
was  being  irresistibly  attracted  by  a  new  sphere  of  action,  tho  study 
and  prediction  of  weather,  of  which  wo  have  more  to  say  presently. 
Accordingly  ho  checked  tho  collection  of  materials,  and  diverted  a 
considerable  proportion  of  the  working  energy  of  the  office  into  this 
uew  channel. 

Tho  marine  work,  however,  though  retarded,  went  on  at  a  steady 
rate,  though  its  projector  did  not  live  to  soo  the  completion  and  pub- 
lication of  the  results  of  the  inquiries  ho  had  sot  on  foot:  most 
notably  of  that  which  he  always  looked  to  as  his  grand  work,  the 
examination  of  the  meteorology  of  tho  Pacific,  which  he  left  in  a  very 
incomplete  state,  owing  to  lieticioncy  of  material. 

All  these-  uiilimslicd  investigations  are  in  process  of  being  rendered 
accessible  to  the  public,  either  in  the  form  of  independent  publi- 
cations bearing  on  special  questions,  such  as  sea-surface  temperature, 
or  by  being  supplied  to  the  Hydro  graph  ic  OtUce  for  incorjioration  in 
the  pilot  charts  now  in  process  of  publication  by  tho  Admiralty. 

On  Admiral  FitzRoy's  death,  the  Hoyal  Society  wore  again  con- 
sulted by  the  Government,  as  to  the  position  and  future  work  of  the 
office.  They  slated  that  they  saw  no  grounds  fur  materially  changing 
the  suggestions  in  their  letter  of  1855,  and  they  added  to  them  a 
scheme  for  the  study  of  British  meteorology. 

Subsequently,  at  the  request  of  the  Board  of  Trade,  an  inquiry 
was  made  into  the  working  of  the  office,  and  a  report  presented  to 
Fai'liiunent  in  1  Sill',  by  a  committee  of  three  gentlemen,  nominated 
respectively  by  the  Board  of  Trade,  tho  Admiralty,  and  the  Royal 
Society.  This  report  supported  strongly  tho  views  expressed  by  tho 
Royal  Society,  and  further  suggested  that  the  office  should  bo  placed 
under  efficient  scientific  superintendence,  so  as  to  ensure  its  being 
conducted  so  as  best  to  carry  out  those  views,  and  to  afford  a  thorough 
safeguard  against  limine  prominence  being  given  to  any  one  of  its 
departments  to  the  detriment  of  others. 
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In  November,  1SGC,  tho  Royal  Society  were  requested  to  under- 
take the  superintendence  of  the  former  Meteorological  Department  of 
tho  Board  of  Trade,  and  tho  Council  agreed  to  accept  tho  trust,  and 
to  nominate  a  committee  of  eight  Fellows  of  the  lioyal  Society,  who 
would  have  the  entiro  and  absolute,  control  of  tho  office.  This  ia 
tho  wliolo  connection  between  the  office  and  tho  Royal  Society.  Tho 
Society  itself  has  nothing  whatever  to  do  with  the  office  or  with  its 
funds,  beyond  appointing  the  Sii|«jri]i  tending  Committee. 

In  order  to  ensure  the  efficiency  of  the  marine  branch,  Captain  H. 
Toynbeo,  a  gentleman  of  long  experience  as  a  seaman  and  a  practised 
observer,  whs  appointed  to  assist  the  director,  by  taking  entire  charge 
of  this  most  important  division  of  the  work. 

Tho  collection  of  materials,  especially  with  reference  to  the  less 
known  parts  of  tho  ocean,  lias  boon  recommenced,  care,  however, 
being  taken  that  tho  instruments  are  only  issued  to  first-class  ob- 
servers. Many  of  our  leading  st-  ;iuislii|i  companies  have  consented  to 
co-ojwrato  in  tho  work. 

Meanwhile  the  documents  already  in  tho  uffico  are  being  carefully 
examined,  and  a  systematic  inquiry  hiis  b>vn  !>ogun  into  the  entire 
meteorological  conditions  of  the  area  lying  lietwoen  the  Trades  in  tho 
Atlantic  Ocean,  known  as  the  Atlantic  Doldrums,  by  which  means  it 
is  hoped  that  light  will  be  thrown  on  several  interesting  and  impor- 
tant questions  which  affect  our  climate  seriously. 

Humboldt  said  years  ago  that  we  must  look  to  the  Tropics  for  tho 
interpretation  of  the  complex  meteorology  of  higher  latitudes;  and  it 
is  a  very  remarkable  fact  that  the  area  on  which  we  are  now  working  is 
precisely  that  indicated  more  than  half  «,  century  ago.  by  Mr.  Marsdeti, 
as  the  most  important  first  field  for  operations. 

Tho  present  work  of  the  office  in  this  department  cannot  be  made 
very  interesting  to  tho  public,  as  it  simply  consists  of  a  patient 
examination  of  the  registers,  and  the  preparation  of  tho  materials 
contained  in  them  for  future  discussion. 

As  this  work  bad  to  be  begun  absolutely  de  novo,  a  year  or  two 
must  necessarily  elapse  before  wo  can  even  form  an  opinion  as  to  tho 
probable  results  which  the  work  will  yield.  We  trust,  however,  that 
whatever  they  are  they  will  form  a  useful  contribution  to  our  know- 
ledge of  marine  meteorology,  and  ono  worthy  of  tho  justly  earned 
reputation  of  tho  mercantile  marine  of  this  country. 

As  I  said  at  tho  e  em  men  cement  of  the  discourse,  this  is  the  work 
for  which  tho  office  was  established,  and  for  the  performance  of  which 
Parliament,  fourteen  years  ago,  consented  to  supply  funds.  Marine 
meteorology  must  ever  bo  considered  the  prime  object  of  its  attention, 
an  object  tho  value  and  importance  of  which  was  recognized  before 
self-registering  instruments  for  land  meteorology  had  been  perfected, 
before  storm  warnings  were  dreamt  of,  and  before  most,  if  not  all,  of 
my  audience  were  born. 
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Telegraphic  Weather  Intelligence. 

The  origin  and  development  of  this  brunch  of  tho  offieo  in  fully 
traced  in  the  report  ef  the  committee  of  inquiry  already  referred  to. 
Admiral  FitzRoy,  in  18i>1.  devised  a  code  of  meteorological  telegraphy 
in  cipher,  and  instituted  a  regular  service,  by  means  of  which  inform- 
atinn  of  weather  was  received  from  stations  on  tho  coast,  and  issued 
to  tho  public.  TIiih  information  consisted  of  occasional  warnings  of 
storms,  and  of  forecasts  of  probable  weather,  which  were  published  in 
tlie  daily  papers. 

Tlie  storm- warnings  extended  over  three  days  at  a  timo,  and  con- 
veyed distinct  intimations  of  the  direction  and  probable  force  of  tho 
wind  which  would  blow  on  tho  lino  of  coast  where  the  signal  was 
hoisted.     Tho  forecast  of  weather  was  only  for  two  days  in  advance. 

As  is  known  to  every  one,  the  signals  used  by  Admiral  FitzBoy 
were  a  drum  and  a  eone,  which  latter,  according  to  its  position,  indi- 
cated N.  or  S.  winds.  The  system  was  a  very  decided  advance  on  tlie 
scheme  originally  proposed  both  here  and  in  France,  which  was  to 
convey  by  telegraph  the  fact  ef  tlie  existence  of  u  storm  on  any  part 
of  tho  coast,  to  parts  not  yet  visited  by  it. 

This  appears  to  have  been  what  was  contemplated  by  the  com- 
mittee appointed  at  the  Aberdeen  Meeting  of  the  British  Association, 
under  whoso  sanction  the  system  of  meteorological  telegraphy  was 
commenced.  It  was  most  distinctly  the  plan  proposed  by  M.  Le  Vcrrier 
in  a  letter  to  the  Astronomer  Royal  a  little  biter. 

Tho  first  warnings  were  issued  in  February,  1801,  and  the  first 
forecasts  of  weather  in  August  of  the  same  year.  The  service  con- 
tinued almost  without  alteration  for  about  live  years. 

Doubts  were  entertained  before  Admiral  FitzRoy's  death,  as  to 
whether  he  was  justified  in  pronouncing  so  positive  opinions  as  to 
coming  weather  as  he  did;  and  in  1866  the  committee  of  inquiry 
roportod  strongly  against  the  system  as  actually  carried  on,  and  tho 
Royal  Society  only  consented  to  appoint  a  committee  to  take  chorgo 
of  the  office  on  the  express  proviso  that  they  should  not  be  called  upon 
to  issue  storm-warnings.  The  Royal  Society  recommended  that  if 
these  were  to  be  continued,  the  Government  should  itself  find  means 
of  carrying  them  on.  This  was  not  done,  and  their  issue  was  sus- 
pended by  the  Government  iu  Deceinlicr,  1866. 

The  warnings  were,  however,  very  popular ;  several  memorials 
were  presented  to  Parliament,  praying  for  their  restitution  ;  and 
ultimately  in  May,  lHfiT,  the  committee  were  requested  by  tho  Board 
of  Trade  to  give  some  intimation  of  storms. 

They  at  onco,  three  months  prior  to  the  Dundee  Meeting  of  the 
British  Association,  consented  to  issue  intelligence  of  the  nature  of 
that  originally  contemplated,  viz.  to  communicate  to  the  ports  the 
fact  of  tho  actual  existence  of  an  atmospherical  disturbance,  or,  in 
other  words,  of  a  storm,  or  the  signs  of  an  imminent  storm  on  any 
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part  of  the  const,  without  implying  the  faintest  idea  of  ft  prediction 
that  the  storm  would  probably  strike  the  ports  warned.  They  simply 
give  the  information  to  snch  porta  as  they  think  likely  to  profit  by  it, 
leaving  the  recipients  to  draw  their  own  concl unions  as  to  w bother  the 
storm  would  come  to  them  or  not,  but  furnishing  them  at  the  sumo 
time,  by  means  of  circulars  and  tho  'Fishery  Barometer  Manual,' 
with  the  most  approved  uml  trustworthy  rules  fur  forming  a  judgment 
as  to  weather,  when  aided  hy  observation);  of  the  Fishery  Barometers 
so  liberally  supplied  to  iislung  stations  by  this  office  and  by  the 
National  Lifeboat  Institution. 

The  drum  signal  is  hoisted  whenever  a  message  is  received  from 
London,  and  it  remains  up  for  thirty-sit  hours,  during  which  time 
the  weather  will  probably  have  declared  itself.  The  general  facts 
which  have  led  to  the  issue  of  the  order  to  hoist  the  drum  are 
conveyed  in  the  telegram,  which  is  posted  up  for  the  public  to  read 
at  many  of  the  ports  ;  while  information  as  to  weather  previously 
prevailing  elsewhere  may  lie  obtained  from  a  copy  of  tho  daily 
weather  report  of  the  day  before,  which  is  sent  regularly  by  poet 
to  any  port  which  asks  for  it. 

The  system  has  now  lieon  in  operation  for  fifteen  months,  and  the 
drum  is  hoisted  at  100  British  stations,  and  in  addition  intelligence 
is  sent  to  the  entire  coast  of  the  continent  from  Norway  to  Spain. 

Tho  French  Government  co-operates  most  warmly  in  the  scheme. 

It  is  obvious,  that  in  order  to  make  full  use  of  the  present  system, 
it  is  necessary  that  tho  facts  which  have  been  made  known  by  tele- 
graph should  bo  made  public.  In  order  to  convey  to  shipping  and 
to  persons  at  a  distauco  from  the  flagstntl'  this  intelligence,  a  sema- 
phore was  invented  by  my  colleague,  Captain  Toyubee,  which  shows 
at  one  glance  the  direction  and  force  of  the  wind,  and  tho  locality 
where  the  storm  is  blowing.  A  diagram  explanatory  of  the  semaphore 
and  its  use  has  been  printed  and  distributed  widely.  In  order  to  test 
the  apparatus,  it  has  been  erected  en  trial  at  three  ports,  London, 
Liverpool,  and  North  Shields,  but  no  definite  decision  as  to  its 
has  as  yet  been  arrived  at. 

We  now  come  to  tho  practical  utility  of  the  present  mode  of  givii 
intelligence.     It  is  obvious  that  such  a  system  can  do  comparati 
little  for  our  exposed  Atlantic  coasts,  but  fortunately  those  are 
the  shores  most  frequented  by  shipping. 

As  most,  not  all,  of  our  storms  are  felt  first  on  the  west  coast  of 
Ireland,  we  are  usually  able  to  givo  intimation  to  the  ports  oil  the 
Irish  Sea,  the  English  Channel,  and  a  fortiori  the  North  Sea,  before 
the  gale  comes  on,  This  is  a  natural  consequence  of  the  general 
easterly  motion  of  storms.  When  the  tost  of  results  is  appli. -.1  to 
messages  sent  to  distant  stations,  we  find  that  out  of  thirty-seven 
messages  sent  to  Hamburg  in  tho  course  of  last  year,  nineteen  were 
followed  by  gales,  nine  by  strong  winds,  six  by  no  change  of  weather 
at  all,   while  in   only  three  instances  did  the   storm  prccedt 
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The  possibility  of  such  a  system  of  warnings  as  Admiral  Fitzlloy 
pri ijn.>si_d  depends  mainly  on  tho  knowledge  uf  tliroo  things  : — 

1.  Tho  signs  of  approach  of  a  storm. 

2.  The  direction  M  tta  motion. 

3.  The  rate  of  its  progress. 

Uncertainty  as  to  any  one  of  thoso  points  is  fatal  to  tho  accuracy  of 
the  forecast.  Now,  even  if  we  huvt  discovered  that  a  storm  is  coming 
on,  some  interval  of  time  must  elapse  beforo  wo  have  learnt  tho  course 
it  will  take  aud  its  speed  of  progression. 

Had  we  a  series  of  advanced  posts  "utside  our  coasts,  sueh  as  tho 
line  of  observi  tig-vessels  anchored  in  deep  water  oil"  thu  Irish  coasts 
and  connected  liy  telegraphic  wires  with  the  shore,  a  plan  officially  pro- 
posed hy  a  foreign  meteorologist  of  eminence,  we  might  hope  to  gain 
some  earlier  information  than  is  now  to  ho  had;  but  meanwhile  we 
must  wait  uutil  the  proposer  of  the  scheme  has  discovered  tho  secret 
of  mooring  vessels  in  water  as  deep  as  is  to  bo  met  with  there.  As  it 
presents  itself  at  present,  tho  problem  is  somewhat  similar  to  what  the 
deter loinatiou  of  tho  path  of  a  comet  would  be  wero  wo  to  bo  called 
upon  to  lay  this  down  from  the  lirst  set  of  simultaneous  observations 
made  of  it  on  a  short,  clear  interval  on  a  cloudy  night. 

Storms  arc  simpler  in  their  character  on  sea  than  on  land,  as  the 
inequalities  of  surface  divert  the  wind  from  its  true  course.  Every 
one  knows  that  it  blows  much  harder  on  (he  coast  than  inland,  and  so 
storms  have  a  tendency  to  pass  along  thu  channels,  where  the  air,  at 
least  that  stratum  of  it  «  hieh  is  nearest  the  earth's  surface,  bos  greater 
freedom  of  motion.  When  a  storm  is  first  felt  on  the  west  coast  of 
Ireland,  it  is  always  a  difficult  mutter  to  niy  whether  it  will  go  up  tho 
Irish  or  the  English  Channel.  When  it  reaches  [loir head  or  Pen- 
zance we  know  more  about  it ;  but  then  much  time  has  been  lost. 

Wo  are  at  times  visited  by  storms  travelling  in  an  unusual  direc- 
tion, like  that  on  Easter-day,  which  came  down  from  the  north,  and 
wrecked  the  'Ferret'  at  Dover ;  or  moving  at  such  a  rate  that  they 
are  iij)OU  us  before  wo  are  aworo  of  their  approach.  Theso  are  tho 
most  dangurous  of  all.  A  galo  at  the  end  of  a  long  spell  of  bail 
weather  in  winter  does  comparatively  little  damage  to  shipping,  for 
all  colliers  and  coasters  are  safe  in  harbour;  but  a  sudden  storm 
coming  after  calm  weather  strews  our  shores  with  wrecks.  Such 
was  the  gale  of  August  22,  IH6S,  of  which  I  exhibit  a  diagram. 
On  tho  afternoon  before  it  I  tho  21st),  there  were  no  serious  signs  of 
disturbance,  and  yet  noxt  morning  there  was  a  furious  gale.  News 
was  at  once  sent  to  Liverpool,  and  it  reached  that  port  at  noon; 
while  the  storm  did  not  actually  reach  tho  Mersey  until  lato  in  tho 
evening. 

Such  a  storm  as  this  must  have  all'oided  a  signal  instance  of  failure 
of  any  forecasts  of  weather  for  two  days  in  advance,  had  sueh  been 
niodo  at  tho  tinio  of  its  occurrence 

I  must  now  proceed  to  give  an  account  of  tho  modes  adopted  in 
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the  office  for  the  study  of  weather,  ami  of  the  practical  results  which 
appear  to  ho  showing  themselves.  I  say  advisedly  appear,  for  I  dare 
not  say  more.  I  may  perhaps  venture  tu  bo]a)  that  the  diagrams 
I  have  exhibited  may  pessiblv  contain  ideas  which  may  hereafter, 
when  carefully  worked  up,  furnish   materials  fur  satisfactory  weather 

The  first  step  taken  by  direction  of  the  committee  was  the  inspec- 
tion of  the  stations  in  order  to  ascertain  tho  trustworthiness  of  the 
reports  scot  up.  This  whs  effected  iu  1867,  and  the  state  of  things 
revealed  hy  it  was  far  from  satisfactory.  The  geographical  position 
of  the  stations  was  in  most  instances  well  chosen  ;  hut  their  local 
situation  was  frequently  very  faulty.  The  reporters  wore  telegraph 
clerks,  who  had  been  loft  to  put  up  the  instruments  wherever  they 
pleased;  and  accordingly  the  thermometers  "ere  at  several  places 
attached  to  tho  walls  of  railroad  stations,  effectually  sheltered  from 
the  weather,  and  exposed  to  heat  from  engines  blowing  off  steam. 
One  was  unavoidably  reminded  of  the  gentleman  who  put  up  his  baro- 
meter iu  the  open  air,  but  hung  Ins  thermometer  close  to  the  study 
fire,  fearing  that  so  small  and  delicate  an  instrument  might  be  damaged 
by  exposure  to  the  weather.  The  climax  of  mismanagement  occurred 
at  one  very  important  station,  where  a  boy  of  thirteen  years  of  age  was 
in  charge  of  the  instruments.  His  barometrical  readings  were  unac- 
countably irregular;  and  after  several  letters  had  been  written,  an 
official  reply  was  received  from  him,  assigning  as  a  ret 
unsatisfactory  nature  of  bis  reports  that  llie  landlord  of  the  house  ke] 
boiled  cabbage  in  the  room  with  the  barometer.    It  is  needless  to 

tlnit  no  time  was  lest  in  dismissing  this  young  gentleman. 

The  whole  service  is  now  carried  on  in  a  much  better  way.  Tho 
reporters,  are  more  on  the  alert ;  thanks  to  tile  new  and  clear  instructions 
which  have  been  supplied  to  them,  and  to  u  constant  system  of  inquiry 
which  is  instituted  whenever  anything  goes  wrong. 

Weather  study  lias  now  been  carried  on  for  two  years,  and  daily 
weather-charts  have  been  drawn,  the  examination  and  comparison  of 
which  has  led  to  some  results  which  appear  encouraging, 

A  priueiplo  has  been  much  before  tho  public  of  late,  which  was 
first  urged  by  Professor  Iluvs  Ballot,  of  Utrecht.  It  may  be  stated  aa 
follows  :— 

Stand  with  your  buck  to  the  wind,  and  the  barometer  will  be  lowor 
on  your  left  hand  than  on  your  right. 

[This  law  was  illustrated  by  a  diagram.] 

This  law  is  evidently  that  which  holds  gi>od  in  cyclones ;  but  i 
does  not  follow  from  it  that  the  air  never  moves  except  in  cyclonic* 
sweeps.  No  matter  how  gently  tho  wind  blows,  the  low  is  found  t 
be  true.  This  fact  in  itself,  however  interesting,  is  of  : 
in  enabling  us  to  judge  of  n*iiij  weather. 

Accordingly  we  set  to  work  to  test  the  relation  which  the  differ 
euces  of  barometrical   reading,  reported   every  morning,   had  to  t 
W hide  experienced  during  tho  succeeding  twenty-four  hours,  and  thin 
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to  boo  what  indications  storms  gave  of  their  approach,  both  as 
direction  anil  force,  by  means  of  tho  relations  ami  distribution  of 
atmospherical  pressure.  It  will  bo  carefully  remembered  that  no 
consideration  of  temperature  was  taken  into  account  at  all. 

The  committee  have  allowed  the  results  of  this  inquiry  to  bo 
privately  printed,  and  they  are  briefly  these  :— 

If  wo  take  the  area  from  Valencia  to  Ileldcr,  and  from  Nairn  to 
Eochefort,  we  liml  that  whenever  the  difference  of  barometrical  readings 
between  any  two  stations  is  0-G  in.  on  any  morning,  the  chance  is 
7  :  3  that  there  will  be  a  storm  before  next  morning,  whose  direction 
will  have  been  indicated  by  the  law,  somewhere  within  the  area  covered 
by  our  network  of  stations.  On  the  other  baud,  the  chance  is 
9  : 1  that  no  storm  will  come  on  without  having  giveu  unmistakable 
signs  of  its  approach  by  means  of  barometrical  readings,  even  though 
the  absolute  cuflferenee  observed  may  not  have  reached  O'G  in. 

As  regards  localizing  the  storm,  tho  area  was  triangulated,  and, 
for  the  lines  thus  obtained,  factors  were  calculated,  and  tho  observed 
differences  turned  into  gradients  per  100  miles.  Each  morning  these 
gradients  were  calculated,  and  the  winds  which  succeeded  them  were 
compared  with  the  gradient*  in  their  vicinity.  On  tlie  assumption 
that  a  gradient  of  0'  12  in,  per  100  miles  indicated  a  wind  of  force  8 
(Beaufort  scale  !.  the  percentage  of  success  of  the  law  was  about  GO. 
The  accordance  with  facis  was  greatest  with  S.W.,  while  exceptions 
were   most  common  with   N.W.  winds;    a  wind   notably  liable   to 

These  results  show  us  that  wo  do  know  something  about  tho 
wind  which  is  coming,  fYnni  the  atmospherical  disturbances  of  pressure 
which  precede  it.  We  do  not  know  how  many  hours  after  this  dis- 
turbance of  pressure  has  been  observed  the  storm  will  burst  upon  us, 
nor  how  long  it  will  last ;  but  we  do  know  that  when  tho  barometer 
is  much  higher  in  Franco  than  in  Scotland,  it  is,  at  least,  extremely 
unlikely  that  an  easterly  gale  will  come  on  us.  The  two  great  causes 
of  failure  of  this  principle,  of  forecasting  bavo  been  already  pointed 
out.  They  are— irregularity,  either  in  the  direction,  or  in  tho  rato  of 
advance  of  tho  storm ;  any  uncertainty  about  either  of  these  points 
throws  all  our  calculations  out. 

Hence  wo  are  driven  to  look  for  some  principle  which  stall  give 
us  a  deeper  insight  into  the  motion  of  the  air  than  Buys  Ballot's  law 
does. 

Tho  rosults  as  to  this  law  which  have  been  obtained  were  arrived 
at  by  examination  of  the  daily  charts.  Of  these  charts,  a  very  largo 
number  has  by  this  time  accumulated,  and,  by  their  intercomparisou, 
very  interesting  results  are  coming  out. 

It  has  been  known  of  old  by  those  skilled  in  the  science,  and  in 
fact  by  overy  ono  that  watches  tho  weather,  that  certain  types  of 
weather  have  a  tendency  to  recur.  Thus,  two  of  tho  diagrams  ex- 
hibited form  port  of  a  ton-day  series  which  occurred  in  January,  18G8, 
and  again  in  December  last.     Tho  existence  of  such  parallelisms  of 
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weather  at  once  leads  us  to  look  for  what  may  bo  called  M)qwM» 
of  weather,  in  fact,  the  first  step  towards  the  discovery  of  a  relation  01 
cause  and  effect. 

On  January  22,  18G8,  a  very  remarkable  state  of  things  was 
observable.  A  westerly  gale  was  blowing  in  the  Channel,  easterly 
winds  all  over  England;  a  long  trough  of  barometrical  depression 
appeared  on  tin.-  line  of  demarcation  between  llie  two  currents,  anil  a 
thick  fog  was  noticed  in  Loudon.  Next  day  the  barometer  rose  very 
rapidly,  with  northerly  winds,  and,  on  the  morning  niter,  n  terrific 
hurricane  burst  on  Scotland,  and  did  immense  damage  in  Edinburgh. 
Now,  on  the  8th  of  December  hist,  similar  conditions  of  the  oc-exist- 
once  of  tho  two  currents,  equatorial  and  polar,  wera  reported,  and 
were  followed  at  the  same  interval  of  time  by  the  same  sequence  of 
storms.  This  would  attract  anyone's  attention,  and  accordingly  it 
Has  determined  to  investigate  all  cases  in  which  tho  two  currents 
existed,  flowing  at  the  earth's  surface,  the  polar  winds  lying  to  the 
northward  of  tho  equatorial.  This  relation  of  the  two  currents 
(allowing  for  the  difference  of  the  hemispheres  j  has  hmg  been  insisted 
on  by  Mr.  Charles  Meldruiu,  the  secretary  of  the  Meteorological 
Society  of  the  Mauritius,  who  has  had  great  experience  in  charting 
the  weather  of  tho  Indian  Ocean.  A  diagram  has  been  prefaced  from 
an  illustration  to  a  recent  paper  of  Lis  in  the  '  Journal  of  the  British 
Meteorological  Society.'  In  this  paper  he  says  that  cyclones  iiirnri- 
tibly  commence  between  two  parallel  currents  of  air,  the  channel  of 
the  pilar  winds  lying  on  the  polar  side  of  the  equatorial  winds.  You 
will  remember  what  has  been  already  said  about  tropical  nieteond.igy 
by  Humboldt,  and  although,  with  the  limited  superficial  area  from 
which  our  information  is  taken,  we  cannot  say  whether  this  principle 
of  Mr.  Mehlruiu's  strictly  holds  true  or  not,  wo  may  say  that  there 
seem  to  be  reasons  for  suspecting  that  it  does.  The  conditions  of  co- 
existence of  the  two  currents  are  rarely  observed ;  but  whenever  tbey 
present  themselves,  a  southerly  storm,  or  at  all  events  a  sudden  and 
considerable  freshening  of  tho  wind  from  S.E.  or  8.,  a  wind  which  did 
not  exist  in  the  district  before,*  is  nearly  sure  to  result  within  a  day  or 
so.  I  have  sclce ted  two  instances  of  this:  one,  a  winter  gale,  which  I 
have  just  describod;  tho  other,  a  summer  one,  in  fact,  that  which 
preceded  tho  naval  review  at  Spit  head  in  1867. 

Conditions  similar  to  those  of  July  13,  18G7,  occurred  tbreo 
weeks  ago,  on  the  8th  instant,  and  were  succeeded  by  southerly  winds, 
which  did  not  attain  tho  dignity  of  a  gale,  but  ushered  in  tbat  extra- 
ordinary burst  of  warm  weather  which  we  had. 

It  will  bo  seen  that  the  points  to  which  I  have  drawn  your  atten- 
tion are  simply  bare  facts.  No  attempt  at  a  theoretical  explanation 
has  been  made — matters  arc  not  ripe  for  that  yet.     What  is  mainly 
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necessary  for  us,  is  to  shape  out  the  solid  foundation  stones,  which 
will  moke  hut  little  show  hereafter,  but  will  have  to  bear  the  weight 
of  the  entire  edifice  of  weather  study — a  study  with  the  creilit  of 
which  the  name  of  Admiral  FitzRoy  will  be  ever  and  deservedly 
connoetod. 


Land  Sldevrolini;/  ff  the  British  Islands. 

Wo  now  como  to  tho  last  branch  of  the  operations  of  tho  com- 
mittoe,  tbeir  self-recording  observatories,  I  told  you  at  tho  beginning 
of  tho  discourse  that,  fourteen  years  ago,  the  Royal  Society  stated  to 
the  Government  that  there  was  not  much  chance  nf  the  establishment 
of  a  satisfactory  system  of  laud  meteorology  at  that  time,  owing  to 
tho  want  of  self-recording  instruments  which  should  render  the  obser- 
vations uniform  in  method  and  independent  of  the  personal  con- 
venience of  tho  observers.  This  want  has  now  been  supplied,  mainly 
by  the  efforts  of  tho  Observatory  at  Kew.  Tho  barographs  and 
thermographs  adopted  have  been  almost  entirely  constructed  there. 
Tho  anemograph  is  tho  well-known  one  invented  by  Dr.  T.  Romney 
Robinson,  of  Armagh.  Messrs.  Beck,  of  Coruhill,  have  kindly  lent  a 
barograph  and  anemograph  for  exhibition  to-night. 

In  the  ease  of  tho  last-named  instrument,  there  is  no  difficulty  in 
obtaining  sufficient  mechanical  force  to  produce  a  record  ;  for  when- 
ever there  is  wind  the  cups  will  revolve,  and  there  will  be  abundance 
of  mechanical  power  to  make  a  mark  on  pajwr.  When  there  is  no 
wind,  the  pencil  will  not  be  moved.  The  actual  mode  adopted  is  very 
easily  explained.  If  a  pencil  which  is  at  rest  bo  pressed  against  a 
cylinder  which  is  covered  with  paper  and  caused  to  revolve,  a  circle 
will  be  traced  out.  If  tho  pencil  move  parallel  to  tho  axis  of  the 
cylinder,  a  helix  will  bo  described,  the  pitch  of  which  will  depend  on 
the  relative  velocities  with  which  the  cylinder  and  pencil  are  moving, 
and  will  thus  measure  the  velocity  of  tho  wind.  The  instrument 
records  directum  on  a  similar  principle. 

When  we  come  to  tho  barograph  or  thermograph,  we  have  no 
source  of  mechanical  power,  and  must  therefore  call  photography  to 
onx  aid.  Every  ono  knows  that  at  the  top  of  the  column  of  mercury 
in  a  barometer  there  is  an  empty  space,  the  Torricellian  vacuum.  If 
a  light,  either  of  gas  or  of  a  paraffin  lamp,  be  placed  behind  the 
instrument  and  a  lens  before  it,  an  image  of  the  illuminated  space 
above  the  mercury  can  bo  thrown  on  sensitive  paper,  and  so  a  photo- 
graphic picture  can  be  produced,  the  depth  of  which  will  depend  on 
die  level  of  the  mercury  in  the  barometer. 

The  arrangements  of  the  thermograph  are  somewhat  similar,  with 
the  exception  that  the  gas- lamp  must  not  be  placed  near  tho  thermo- 
rootcr  J  tho  actual  arrangement  was  shown  in  a  diagram  |.  and  that 
the  light  is  not  transmitted  through  the  empty  space  aliove  tho  mer- 
cury, but  through  a  small  bubblo  of  air  introduced  into  tho  thread  of 
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mercury,  which  nets  like  a  pinhole,     The  light,  passing  through  this, 
produces  a  mark  which  develops  into  a  littlo  dot  on  the  paper. 

In  both  instruments  tlio  paper  is  stretched  on  drums  moved  by 
clockwork,  so  Unit  continuous  photographic  pictures  urc  produced. 

[Barograms,  enlarged  to  six  times  their  size,  were  represented 
on  a  diagram.] 

Such  arrnngeinents  as  these  render  us  quite  independent  of  the 
convenience  of  observers  as  to  the  particular  hours  at  which  they  may 
like  to  take  their  readings.  All  the  tare  that  tin;  instrument  requires 
is  nttontion  to  the  lamp,  winding  up  the  clock,  and  changing  the  paper 
regularly. 

Having  got  the  instruments,  the  committee  proceeded  to  select 
stations  where  they  should  he  placed,  so  as  to  represent  as  completely 
as  possible  the  various  conditions  of  climate  afforded  by  our  islands. 
The  Kew  committeo  of  the  British  Association  at  once  consented  that 
their  observatory  should  be  the  central  and  normal  establishment. 
To  this  were  added  two  others  in  England  :  one  at  Falmouth,  tho 
other  at  Stnuyhurst,  Two  stations  wero  chosen  in  Ireland:  one  at 
Armagh,  under  the  supervision  of  Dr.  Robinson  himself,  and  one  on 
the  island  of  Valencia,  in  order  to  obtain  as  westerly  a  position  as 
possible.  In  Scotland,  the  Universities  of  I  ihisgow  and  Aberdeen  havo 
becomo  stations.  The  committee  were  anxious  to  have  founded  another 
observatory  in  tho  extreme  north  of  Scotland  ;  but  the  funds  placed 
nt  their  disposal  would  not  suffice  for  this  extension  ef  their  scheme, 
however  desirable  it  undoubtedly  is. 

It  will  be  seen  from  what  I  have  said  that  existing  establishments 
have  been  mado  use  of,  in  so  far  us  their  geographical  situation  would 
admit.  This  condition  is  of  course  paramount.  Accordingly,  the  com- 
mittee were  compelled  to  create  an  observatory  at  Valencia,  without 
doubt  tho  most  important  position  in  these  islands.  Tho  claims  of 
Wick  or  Thurso  for  an  observatory  have  not  been  overlooked  ;  but 
funds  as  yet  do  not  suffice  for  its  establishment. 

The  whole  of  this  observational  system  is  mitred  at  Kew,  under 
the  immediate  superintendence  of  my  colleague,  Dr.  Balfour  Stewart, 
who  supervises  all  the  observatories,  and  examines  nil  tho  rocorils. 
received  from  thom  to  see  that  they  are  thoroughly  correct  and  trust- 
worthy, before  they  aro  sent  on  for  discussion  to  the  central  office. 
This  is  the  sjiecinl  department  in  which  tho  two  committees,  that  of 
Kew  and  of  tin;  Meteorological  Offico,  work  in  such  close  accord  with 
each  other.  Of  this  connection  it  can  only  be  said  that  without  ita 
existence,  it  would  have  been  all  but  impossible  to  have  brought  the 
system  of  observations  of  land  meteorology  to  its  present  satisfactory 
condition  at  all. 

Tho  first  observatories  began  work  at  the  beginning  ef  1868,  and 
Valencia,  the  last  of  them,  six  months  later.  Some  months  ware 
necessarily  consumed  in  getting  so  complicated  a  system  thoroughly 
started,  and  accordingly  it  is  only  now  that  tho  discussion  of  the 
results  furnished  by  the  instruments  is  being  commenced,  bo  as  to 
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ascertain  the  mean  values  of  the  meteorological  elements  for  each 
station  and  to  trace  the  changes  of  weather. 

It  would  therefore  be  premature  to  attempt  to  give  an  account  of 
the  work  done.  To  show  what  is  doing  I  exhibit  a  curve  from  Aber- 
deen, to  show  how  irregular  atmospherical  pressure  occasionally  is. 
The  second  diagram  represents  a  barometrical  oscillation  which  passed 
over  all  the  stations  within  twenty-four  hours,  and  which  shows  how 
perfectly  hopeless  it  is  trying  to  give  an  account  of  such  a  phenomenon 
by  means  of  eye-observations,  no  matter  how  frequently  these  are 
taken. 

Similar  diagrams  might  have  been  drawn  to  show  the  changes  in 
temperature  and  in  wind,  but  that  which  is  exhibited  is  sufficient  for 
an  illustration. 

Hereafter,  if  the  office  is  allowed  to  continue,  we  may  hope  to  be 
able  to  present  the  public  with  worked-out  results  as  to  the  progress 
of  weather  across  the  country ;  but  for  this  purpose  it  will  be  necessary 
that  observations  from  additional  stations  should  be  obtained,  to  sup- 
plement the  information  derived  from  these  seven  fixed  points. 

This  then  is  a  very  imperfect  account  of  the  work  that  the  office 
has  done  and  is  doing.  Many  important  points  have  necessarily  been 
unnoticed,  but  you  will,  I  doubt  not,  see  that  the  work  is  strictly  a 
national  one,  and  such  as  could  not  be  carried  on  except  under 
Government  auspices  and  at  the  public  expense. 

This  country  is  to  a  certain  extent  pledged  to  it  by  its  consent  to 
the  proposals  of  the  Brussels  Conference,  far  more  so  by  the  impor- 
tance of  investigating  thoroughly  our  exceptional  climate,  and  bearing 
a  part  in  what  is  being  so  well  done  in  Europe  generally ;  but  most  of 
all  by  the  intrinsic  value  of  the  science  of  meteorology  to  our  agricul- 
ture, our  fisheries,  and  our  commerce.  I"R  H  S 1 


ANNUAL     MEETING, 

Saturday,  May  1,  1869. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.ILS.  President, 

in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Visitors  for  the  year 
1868  was  read  and  adopted. 

The  Books  and  Pamphlets  presented  in  1868  amounted  to  116 
volumes,  making,  with  those  purchased  by  the  Managers,  a  total  of 
220  volumes  added  to  tho  Library  in  the  year,  exclusive  of  periodicals. 

Fifty  new  Members  were  elected  in  1867. 

Sixty  Lectures  and  Twenty  Evening  Discourses  wero  delivered 
during  the  year  1868. 
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Thanks  wore  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  services  to  the  Institution  during  the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers  for 
the  ensuing  year : — 

President— Sir  Henry  Holland,  Bart.  M.D.  D.C.L.  F.R.S. 
Treasurer — William  Spottiswoode,  Esq.  M.A.  F.R.S. 
Secretary — Henry  Bonce  Jones,  M.A.  M.D.  F.R.S. 

Managers.  Visitors. 


George  Berkley,  Esq.  C.E. 

William  Bowman,  Esq.  F.R.C.S.  F.R.S. 

Charles  Brooke,  Esq.  M.A.  F.R.S. 

George  Busk,  Esq.  F.R.C.S.  F.R.a 

Adm.  Sir  Henry  John  Codrington,  K.C.B. 

Warren  De  la  Rue,  Esq.  Ph.D.  F.K.S. 

John  Peter  Gassiot,  Esq.  F.K.S. 

John  Hall  Gladstone,  Esq.  Ph.D.  F.R.S. 

Wm.  Robert  Grove,  Esq.  M.A.  Q.C.  F.R.S. 

George  Macilwain,  Esq. 

The  Duke  of  Northumberland. 

William  Frederick  Pollock,  Esq.  M.A. 

Robert  P.  Roupell,  Esq.  M.A.  Q.C. 

The  Hon.  John  William  Strait. 

Colonel  Philip  James  Torke,  F.R.S. 


Andrew  Whyte  Barclay,  M.D. 

Charles  Beevor,  Esq.  F.R.C.S. 

John  Charles  Burgoyne,  Esq. 

Sir  C.  Wentworth  Dilke,  Bait. 

Alfred  Gutteres  Henriques,  Esq. 

Sir  Thomas  Henry. 

Thomas  Hyde  Hills,  Esq. 

Thomas  Lee,  Esq. 

William  Longman,  Esq. 

Edward  Henry  Moscrop,  Esq. 

Rev.  Cyril  W.  Page,  M.A. 

Edmund  Pepys,  Esq. 

The  Lord  Josceline  W.  Percy. 

Arthur  Giles  Puller,  Esq.  M.A.  F.S.A. 

Robert  Ballard  Woodd,  Esq.  F.S.A.  F.R.B.S. 


GENERAL  MONTHLY  MEETING, 
Monday,  May  3,  1869. 

Sir  Henry  Holland,  Bart.  M.D.  D.C.L.  FJfc.S.  President, 

in  the  Chair. 

Tho  following  Vice-Presidents  were  nominated  for  the  ensuing 
year: — 

The  Duke  of  Northumberland. 

William  Spottiswoode,  Esq.  F.R.S.  tho  Treasurer. 

George  Busk,  Esq. 

J.  P.  Gassiot,  Esq. 

Lieut-Colonel  Archibald  Campbell  Campbell. 
Sir  William  Dickason  Clay,  Bart. 
William  Wilbraham  Ford,  Esq. 
John  Benjamin  Marsden,  Esq. 
Herbert  Schloss,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

John  Tyndall,  Esq.  LL.D.  F.R.S.  was  re-elected  as  Professor  of 
Natural  Philosophy. 
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The  Managers  announced  that  in  conformity  with  the  Deed  of 
Endowment,  they  had  appointed  Michael  Foster,  M.D.  F.L.S. 
Fullerian  Professor  of  Physiology. 

The  special  thanks  of  the  Members  were  returned  for  the  fol- 
lowing Donations  to  "the  Fond  for  the  Promotion  of  Experimental 
Researches": — 

T.  William  Helps,  Em.  (4th  Donation)        ,.         ..     £10 
Erasmus  A.  Darwin,  Esq.         ..         ..         ..  25 

The  Presents  received  since  the  last  Meeting  were  laid  on  tho 
table,  and  tho  thanks  of  the  Members  returned  for  the  same  viz. : — 

FROM 

Actuaries,  Institute  o/— Journal,  No.  75.    8vo.     1869. 
Asiatic  Society  of  Bengal — Journal,  No.  151.    8vo.    1869. 

Proceedings,  1868.    No.  12.    1869.    No.  1.    8vo. 
Astronomical  Society,  Royal — Monthly  Notices.     Vol.  XIX.  No.  5.    8vo.    1869. 
Baldwin,  James  S.  Esq.  {the  Jottor)--Power  without  Fuel    (L  15)    8vo.    1869. 
Bombay  Branch  of  the  Royal  Asiatic  Society — Journal,  Vol.  IX.    1867-8.    8vo. 

1869. 
Chambers,  George  F.  Esq.  M.R.I.—Bp.  Jebb,  Speech  in  Defence  of  the  Church  in 
Ireland  (June  10,  1824).    (K  96)    8vo.    1868. 

J.  Jebb,  Rights  of  the  Irian  Branch  of  the  Church  considered.    (K  96)     8vo. 
1868. 

The  Irish  Difficulty.    (K  96)    8yo.     1868. 

H.  W.  Stewart,  Diocesan  Synods.    (K  96)     8vo.    1868. 

A.  T.  Lee,  The  Irish  Church.    (K  96)    8vo.    1868. 

Our  Political  Situation ;  Letter  to  B.  Disraeli.     (K  96)    8ro.     1 868. 

E.  Burton,  Thoughts  on  the  Separation  of  Church  and  State.  (K  96)  8vo.  1868. 
Chemical  Society — Journal  for  April,  1869.    8vi\ 

Catalogue  of  the  Library.    8vo.     1869. 
Editors—  Artizan  for  April,  1869.    4to. 

Athenaeum  for  April,  1869.    4to. 

British  Journal  of  Photography  for  April,  1869.    4ta 

Chemical  News  for  April,  1869.    4to. 

Engineer  for  April,  1869.    fol. 

Geological  and  Natural  History  Repository.    April,  1869.    8vo. 

Horological  Journal  for  April,  1869.    8vo. 

Journal  of  Gas-Lighting  for  April,  1869.    4to. 

Mechanics'  Magazine  for  April,  1869.    8vo. 

Pharmaceutical  Journal  for  April,  1869.    8vo. 

Photographic  News  for  April,  1869.    4to. 

Practical  Mechanics'  Journal  for  April,  1869.    4to. 

Revue  des  Cours  Scientifiques  et  Littcraires.    4to.    April,  1869. 
Franklin  Institute— Journals,  Nos.  517,  518,  519.    8vo.     1869. 
Houghton,  E.  A.B.  M.D. —  The  Laws  of  Vital  Force  in  Health  and  Disease.   16mo. 

1869. 
Horticultural  Society,  Royal—  Journal,  Vol.  II.  Part  6.    8vo.    1869. 
Inner  Temple,  Honourable  Society  of  the— Students  admitted  to  the  Inner  Temple, 

1571-1625.    8vo.     1868. 
Linnean  Society — Journal,  No.  49.    8vo.    1869. 
Mechanical    Engineers*    Institution,    Birmingliam  —  Proceedings,   July,   1868 — 

Jan.  1869.    8vo. 
Photographic  Society—  Journals,  Nos.  203,  204.    8vo.    1869. 
Plateau,  M.    J.  lion.  M.  /?./.—  Recherches    sur  lea   Figures   d'Equilibrc,  &c 

Bene  IX.  X.    4to.     1868. 
Royal  Society  of  tendon— Proceedings,  No.  110.    8yo.    1868. 
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Stotirticat  .Sorfeft,— Journal,  Vnl.  XXXII.  Purt  1.     8»n.     1RGS. 

Sgnuiut,    G.   J.    E§q.  {tile    JuIImt, — Sviiioiia'  Muiillilv    M.  In. ii. laical    Magazine, 

April,  1869.     8to. 
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WEEKLY  EVENING  MEETING, 
Friday,  May  7, 1869. 

Et.S.  President, 

Captain  Monoeixit, 

On   the  Mojtcrieff  Syttem   of    Working   Artillery   as   applied    to    Coait 
Defence. 

Until  the  time  of  the  Crimean  mi  very  little  and  very  slow  progress 
hod  been  made  in  artillery.  Gannon  wero  manufactured  on  nearly 
the  same  models,  and  of  tho  same  materials  that  had  been  used  for 
300  years. 

Before  that  time  cast-iron  was  not  in  use,  but  tho  forged  or  bronzo 
guns,  although  in  some  canes  large,  were  not  what  is  now  considered 
powerful ;  and  the  penetration  of  their  shot  was  not  sufficient  to  pass 
through  a  parapet  of  earth  that  is  now  pierced  even  by  light  rifled 
artillery. 

Tho  conditions,  therefore,  under  which  artillery  was  worked,  and 
tho  means  provided  for  protection  against  its  fire,  remained  much  the 
samo  as  they  were  in  the  time  of  Vauban. 

Several  events  during  tho  Crimean  campaign  confirmed  an  impres- 
sion that  has  always  been  more  or  less  entertained,  that  an  increase 
in  the  power  of  individual  guns  produced  greater  results  than  could 
be  obtained  by  a  much  greater  weight  of  metal,  distributed  among  a 
larger  number  of  small  piece.-  of  artillery. 

It  is  not  too  much  to  say,  that  the  development  of  this  art  has, 
since  1855,  changed  tho  character  of  war  both  on  land  and  water. 

It  has  established  completely  the  superiority  of  a  few  large  pieces 
over  a  much  greater  weight  of  metal  in  smaller  guns. 

It  has  given  artillery  of  all  classes  a  range,  a  penetration,  and  an 
accuracy  of  Fire,  which  throw  into  the  shade  the  greatest  results  that 
had  been  previously  obtained. 

It  has  also  stimulatod  the  advocates  of  cast-iron  smooth  bores  to 
produce  guns  that  niifilit  rival  the  rifled  artillery;  and  yet  it  is  by  no 
meana  probable  that  tho  limit  of  power,  either  of  large  smooth-bores 
or  rifled  guns,  has  been  arrived  at. 

When  it  became  apparent  that  mighty  results  were  to  l>e  obtained 
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from  improved  artillery,  a  great  deal  of  engineering  talent  was  directed 
to  the  subject.  Comparatively  new  appliances,  such  as  the  steam- 
hammer,  and  new  methods  nf  working  steel,  were  called  to  aid  iu  the 
construction  of  the  new  and  powerful  guns.  So  much  interest,  indeed, 
was  taken  in  the  subject,  and  so  much  attention  absorbed  by  it,  that 
the  conditions  which  these  improvements  in  artillery  themselves  im- 
ported with  them  rail  sumo  danger  of  Wing  neglected. 

The  power  of  artillery  became  so  great,  that  the  ordinary  provi- 
sions for  protection  against  its  fire  were  rendered  useless.  Forts  that 
were  considered  strung  twenty  years  ago  would  crumble  tinder  the 
shock  of  modern  projectiles,  and  in  some  cases  would  oven  be  too 
weak  to  support  the  guns  while  they  wore  fired. 

That  service  which  the  new  artillery  affected  most  palpably  was 
the  Navy,  and  the  Navy  accordingly  took  the  initiative  in  introducing 
means  calculated  to  resist  tho  penetration  of  the  new  and  terrible 
projectiles.  Every  one  is  more  or  less  conversant  with  the  process 
that  has  been  going  on  of  covering  ships'  sides  with  iron,  which  has 
increased  in  thickness  till  it  really  looks  as  if  the  process  at  last  would 
onlv  in::  limited  by  a  ship's  power  of  flotation. 

War-ships,  however,  not  only  protect  their  sides  against  shot,  but 
they  also  carry  the  heaviest  artillery  on  their  decks.  This  fact  could 
not  be  overlooked  by  those  who  had  to  construct  coast  defeuces,  as 
well  as  other  works  against  which  modern  heavy  artillery  might  be 

I  shall  not  enter  into  details  regarding  tho  successive  steps  which 
were  taken  in  England  in  this  direction,  as  I  understand  Colonel 
Jervoise  has  already  done  so  in  this  Institution.  It  is  enough  to  state 
that  great  engineering  skill  has  been  exercised,  and  unwearied  efforts 
have  been  made  to  meet  tho  new  conditions. 

That  skill  and  these  efforts  havo,  with  tho  experiments  at  Shoebury- 
ness,  given  us  defensive  iron  structures  which  are  marvels  of  strength 
and  ingenuity.  Unfortunately  they  arc  also  marvels  of  costliness ;  and 
thero  is  room  to  hope  that  their  use  will  therefore  bo  generally  con- 
fined to  such  positions  on  land  as  can  only  be  protected  by  such  iron 
structures. 

This  hope  is  founded  on  another  system,  with  which  my  name  is 
connected,  and  which  I  am  here  to  explain. 

Before  doing  *■>  1  whall  point  out  the  dih  mum  which  left  military 
engineers  BO  alternative,  and  which  compelled  them  to  give  up  in 
succession  the  use  of  earth,  concrete,  granite,  &c.,  and  at  last  to  resort 
to  the  most  expensive,  but  the  strongest,  material — iron. 

There  are  two  considerations  always  to  be  taken  into  account  in 
providing  tho  means  of  using  artillery  :  the  one  is  to  place  the  gun 
so  as  to  be  most  formidable  to  the  enemy,  and  the  other  is  to  place 
it  at  tho  same  time  under  as  much  cover  as  possible,  so  that  it  is  not 
liable  to  be  disabled,  nor  are  the  men  serving  it  liable  to  be  destroyed 
by  hostile  tire. 

These  two  conditions  interfere  with  one  another ;  that  is  to  say, 

Vol.  V.     (No.  50.)  2  o. 


a  Moncrieff  on  the  [May  7, 

whatever  has  hitherto  been  gained  in  one  direction  linn  been  lost  ill 
the  other.  Guns,  en  litirb-  tt>\  hick  protection  ;  guns  in  embrasures  or 
in  casemates  sacrifice,  on  the  other  hand,  free  lateral  range,  and  it 
is  more  difficult  in  their  case  to  soe  tiio  enemy,  and  therefore  to  lay 
the  guns  in  action. 

The  difficulty  that  presented  itself  with  the  introduction  of  late 
improvements  in  artillery  was  simply  that  the  increased  precision 
and  rango,  eouplod  with  great  improvements  in  the  manufacture  of 
large  shells  and  also  in  small  arms,  rendered  barbette  batteries  too 
exposed  to  be  relied  on.  At  the  same  time  the  tremendous  penetration 
and  precision  of  the  new  artillery  rendered  the  ordinary  parapet  and 
embrasures  useless. 

What  was  to  be  done  under  these  circumstances  ? 

Protection  from  direct  fire  must  be  got  at  any  price. 

The  first  impulse  would  be,  to  thicken  the  parapet. 

This  could  not,  however,  be  done,  as  the  necessary  angle  in  the 
cheeks  of  the  embrasures  rcquirod  for  training  the  guns  ojienB  up  a 
wider  aperture,  iu  direct  proportion  to  the  thickness  of  tho  parapet, 
making  tho  maJ-iiiiitm  thickness  in  practice  30  feet. 

But  shot  have  been  known  to  penotrate  more  than  30  feet  into 
the  earth;  and  the  most  important  part  of  the  parapet,  viz.  that 
near  tho  guns,  must  always  be  thin  and  weak,  whatever  may  be  tho 
thickness  of  the  rest. 

Shells,  striking  this  part,  would  just  meet  sufficient  resistance  to 
burst  them,  and  would  make  havoc  among  the  men. 

Next,  granite  masonry  was  thonght  of;  but  it  proved  in  some 
respects  worse  than  earth,  and  was  found  practically  bad  ;  there  was 
no  alternative  but  to  go  to  iron.  This  conclusion  was  reluctantly 
arrived  at,  and  reluctantly  it  was  acted  on. 

The  decisions  of  committees  which  investigated  all  tho  bearings  of 
the  question,  tho  opinions  of  professional  men,  and  the  experiences  of 
the  American  war,  all  coincided,  and  accordingly  our  important  coast- 
works  were  designed  to  receive  irtni  shicMs,  casemates,  and  cupolas. 

Vital  positions  in  England,  such  as  dockyards  and  arsenals,  must 
be  fortified.  It  would  bo  false  economy  indeed  to  use  any  method  of 
fortification  lluit  experience  lias  proved  to  lie  insufficient.  No  stiviw/n 
could  justify  the  election  of  works  that  might  prove  at  once  the  tomb 
of  their  defenders  and  perhaps  of  the  nation's  honour.  Therefore  tho 
only  proper  decision  was,  to  take  that  means  to  meet  the  difficulty 
which  was  at  tho  time  considered  best  and  safest.  Expense  was 
pro])erly  a  consideration  very  secondary  in  importance  to  efficiency. 

I  shall  now  endeavour  to  point  out  the  difficulty  of  tho  task  which 
lay  before  tho  engineer,  even  after  tho  decision  in  favour  of  iron,  from 
the  extraordinary  advances,  already  spoken  of,  in  artillery.  There 
is  only  ono  morsel  of  comfort  left  for  those  who  have  to  provide  for 
the  requirements  of  defenco,  r«.  that  a  form  of  artillery-fire  of  a  very 
galling  nature  remains  exactly   as  before,  ami  indeed  is  not  much 
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What  is  alluded  to  is  vertical,  or  mortar  fire.  There  is  some 
consolation,  too,  iu  the  reflection  that  the  cause  of  this  fire  not  being 
much  improved  is  one  to  a  great  extent  likely  to  be  lasting.  Rifled 
mortars  would  no  doubt  lessen  ddloetion  to  right  or  left ;  but  as  long 
as  gunpowder  is  affected  in  strength  by  tho  slightest  atmospheric  or 
other  influence,  and  still  moro  certainly  as  long  ns  a  slight  error  in 
elevation  at  long  ranges  will  make  a  large  error  on  the  piano  of  fire, 
the  comparative  inaccuracy  of  vortical  fire  must  continue. 

To  show  how  little  can  be  done  in  this  way  compared  with  tho 
admirable  precision  and  accuracy  of  direct  fire,  I  may  state  that  100 
rounds  were  fired  one  day  last  season  at  Shoeburyness  at  800  yards 
range  with  a  13-inch  mortar  at  tho  row  of  experimental  casemates 
which  cover  a  good  deal  of  ground.  The  mortar  was  laid  with  Bpirit- 
levels  and  all  the  appliances  of  the  school  of  gunnery,  and  yet  tho 
100  rounds  were  expended  without  a  single  hit. 

If  soeh  is  the  case  with  a  steady  platform  and  under  such  excep- 
tionally favourable  circumstances,  it  can  cosily  be  seen  how  uncertain 
in  its  effects  would  practice  be  from  mortar-boats,  which  move  with 
every  wave,  if  directed  at  an  equally  small  i  ibject.  During  the  eleven 
months'  siege  of  Sevastopol  tho  French  hud  2-l'2  mortars  engaged, 
which  were  themselves  exposed  to  vortical  fire,  and  yet  not  one  of  these 
mortars  was  disabled. 

It  is  indeed  a  strange  contrast,  that  whilo  direct  fire  is  getting 
more  powerful,  more  accurate,  and  more  destructive  every  year,  vertical 
fire  remains  much  as  it  was,  and  can  only  be  relied  on  to  hit  a  largo 
object,  such  as  a  fort,  a  town,  or  anything  that  covers  a  great  deal  of 
ground.  Notwithstanding  this,  it  would  be  a  great  mistake  to  despise 
it  as  a  powerful  and  galling  means  of  attack. 

To  return  to  the  difficulties  of  meeting  direct  fire  in  coast  defence. 

It  mnst  be  borne  in  mind  that  batteries  intended  to  engage  ships  are 
obliged  to  meet  an  enemy  who  can  move  his  position  to  that  quarter 
where  he  is  least  exposed,  who  can  continue  in  motion  whilo  he  is  con- 
ducting his  attack,  and  who  can  seek  out  the  most  vulnerable  face  of 
tho  land-work  to  operato  upon. 

In  constructing  such  batteries  it  is  first  of  all  necessary  to  make 
them  of  sufficient  strength  to  resist  the  guns  of  ships  which  are  the 
most  powerful  that  can  bo  made. 

It  is  next  required  that  these  batteries  should  bo  constructed  in 
such  a  manner  that  they  can  direct  their  fire  with  rapidity  and 
precision   in  any  direction  in  which  the   ships  can  take  up  their 

And  lastly,  it  is  required  that  they  should  mount  guns  of  sufficient 
weight  and  power  to  bo  formidable  to  tho  heaviest  iron-clods. 

In  former  times  guns  en  barbette  wore  preferred  for  this  purpose, 
because  they  met  the  two  first  requirements  alluded  to ;  that  is  to  say, 
that  from  nut  bctii"  funi'ini'd  by  embrasures  or  ports,  they  were  able 
freely  to  follow  their  floating  enemy  whatever  position  he  might  take 
up,  naval  fire  at  that  time  bcin^  neither  s<i  correct  nor  so  formidable  as 
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to  make  such  batteries  unserviceable.  Tho  case,  however,  is  now 
completely  chunged ;  1'. ir  not  only  have  guns  boon  improved,  but 
munition  also  ;  and  heavy  shells  are  most  destructive.  Rear-Admiral 
Porter,  of  the  United  States  Navy,  in  a  rejnu-t  on  cast  defences,  says, 
"Sueli  guns,  *lanilin<)  «"  !u~<ih  up,  are  just  the  objects  that  naval  gun- 
ners would  delight  to  explode  their  Shrapucll  against,  and  from  my 
experience  in  naval  gunnery,  the  third  shell  would  kill  every  man  at 
the  gun." 

Von  Schelihn,  in  his  treatise  on  coast  defences,  says,  "  Guns 
mounted  en  ]xirbet(e  may  always  be  silenced  by  au  iron-clad." 

This  form  of  battery,  therefore,  is  disposed  of. 

We  shall  now  examine  the  difficulties  connected  with  the  other 
alternatives.  Common  masonry  batteries  have  been  condemned  as 
worse  than  useless,  as  they  would  only  make  (he  ship's  fire  more 
destructive  than  it'  directed  agiiiusi  guns  rn  barbette. 

Next  comes  the  expensive  alternative  which  has  been  adopted, 
vh.  iron  shields,  casemates,  and  turrets.  It  is  most  interesting  to 
examine  how  far  this  system  of  iron,  the  h\<t  alternative  left,  meets 
tho  three  requirements  of  coast  defence  alluded  to,  and  to  see  whit 
very  great  difficulties  had  to  ho  encountered  in  applying  it. 

The  three  requirements  are  thus  recapitulated  : — 

1st.  Strength  of  the  buttery  to  resist  naval  fire,  and  give  sufficient 
protection  to  tho  men. 

2nd.  Power  of  fighting  tho  guns  with  accuracy  and  effect,  of 
lowing  tho  enemy  with  ease  as  bo  moves,  of  being  ahlo  to  faco  him 
any  side  from  which  he  approaches. 

3rd.  Power  of  using  the  most  formidable  pins  to  advantage. 

The  first  difficulty  was  to  decide  the  matter  of  strength. 

Now  guns  are  becoming  nioro  and  moro  woighty  and  powerful 
evory  day,  and  therefore  tho  strength  required  to  resist  them  is  an 
unknown  quantity. 

An  iron  casemate  of  the  present  proposed  strength  costs,  accord- 
ing to  official  returns,  with  all  the  battery  adjuncts  except  the  gun 
and  carriage,  about  .WHO/,  or  (iOUOi,  for  each  gun,  A  2-gun  turret, 
about  25,000*.  or  30,000*.* 

If  guns  of  60  tons  are  introduced  in  ships,  as  is  proposed,  these 
defences  are  at  once  quite  inefficient,  and  it  is  not  known  how  strong 
or  how  expensive  should  be  the  iron  works  to  replace  them.  Such 
questions  must  be  very  embarrassing  indeed  to  those  who  have  to 
decide  these  matters.  Besides  protecting  the  gun  and  carriage  from 
the  enemy's  shot,  protection  must  also  be  given  to  tho  men.  Thi» 
is  the  most  serious  of  all  considerations  in  coast  defence,  for  the 
following  reasons : — 

*  The  prife  nf  n  perrnniH-iif   )l i  i.-fT  Imlli  ry,  lvitli  magazine*,  &c.,  including 

the  extra  expi'O.*'  nl"  i-i\rri;ij;.;>.  i.-  tr'in  1 100/.  to  l.">i.)iV.  lor  nu-li  urn  n  ;  an  iron  aliiolJ 
lattery  from  1800/.  to  ■Z'HH.H.  P,.r  (,-nn  ;  un  iron  cisemnlc  battery,  from  5000L  to 
6000/.  per  gun;  a  turret,  from  12,500/.  to  15,000/.  per  gun. 
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Tlio  best  experienco  we  Lave  regarding  naval  attacks  on  land- 
works  is  derived  from  the  late  American  war,  in  which  a  great  many 
actions  of  that  kind  took  place.  It  would  bo  unwise  to  ignore  this 
experience,  because  the  increasing  power  of  artillery  only  gives  it 
more  weight. 

Daring  the  whole  of  that  war  very  few  guns  were  destroyed  by  the 
naval  tire  in  earthen  batteries. 

At  Fort  Wagner  only  three  guns  were  totally  dismounted, 
although  28*3-1  shut  aud  shell  were  fired  into  it  in  forty-eight  hours, 
and  the  bomb-proofs  were  hit  1200  times.  Seventeen  siege- mortars, 
several  cohorns,  and  thirteen  heavy  pieces  of  artillery  were  incessantly 
employed. 

At  Fort  Fisher  the  bombardment  was  opened  at  the  rate  of  115 
shells  per  minute,  and  although  the  guns  were  mounted  en  barbette, 
only  two  of  them  were  dismounted  when  the  place  fell. 

At  Fort  Powell  a  tremendous  l>uiiitm.rdment  from  mortar  and  gun- 
boats (the  most  accurate  tiring  being  from  15-inch  mortars)  was  main- 
tained from  22ud  of  February  till  2nd  of  March,  and  not  a  single  gun 
was  dismounted. 

The  success  of  the  ships  over  the  forts  was  gained  by  demolishing 
the  works,  and  still  oftener  by  making  the  service  of  the  guns  so  dan- 
gerous that  the  men  could  not  work  them. 

Kear-Admiral  Porter,  U.  S.  Navy,  in  his  report  on  coast  defence, 
states,  "  The  niiw-fsisliinncd  casemates  turned  out  to  bo  no  better  than 
the  guns  en  barbette.  They  were  perfect  slaughter-houses,  and  were 
piled  up  with  dead  and  wounded.  Every  shell  that  went  tlirough  tho 
port-holes  killed  and  wounded  every  man  in  the  close  casemate.  This 
proved  to  me  most  satisfactorily  that  guns  in  casemates  were  no  better 
protected  from  shells  than  those  .'»  barbette." 

With  such  evidence  as  this  before  them,  from  men  who  were  con- 
versant with  all  the  events  of  that  great  war,  it  was  indeed  a  serious 
question  to  decide  what  was  to  be  done.  I  myself  cannot  see  how  men 
in  an  iron  casemate  are  as  much  exposed  as  in  a  barbette  battery  ;  but 
there  is  no  doubt  that  if  the  port  of  tho  strongest  casemate  was  as  largo 
as  those  referred  to  by  Admiral  Porter,  it  would  be  open  in  the  same 
cii-emn stances  to  the  same  dangers  as  the  damage  was  done  by  entrance 
of  shell  through  the  port. 

Tho  protection  a  casemate  would  afford  from  vertical  fire  in  such 
a  case  would  be  bat  a  poor  advantage  if  moro  correct  and  more 
deadly  weapons  than  tho  lncditeval  mortar  could  still  search  out  at 
times  tbo  exposed  point  of  the  casemate  and  kill  every  man  inside. 

The  noxt  requirement  in  a  coast  battery,  iiz.  to  bo  able  to  follow 
an  enemy  amidst  clouds  of  smoke,  and  to  lay  tho  guns  on  him  with 
precision  and  dispatch,  formed  a  more  embarrassing  difficulty  still. 

On  the  ono  hand,  the  ports  must  be  constructed  for  mnzzle- 
pivotera  to  give  protection.  On  the  other  hand,  if  they  arc  made  so 
small  it  is  difficult  to  see  through  thorn,  to  fire  correctly  anil  quickly 
at  different  elevations,  and  on  different  sides  on  a  moving  enemy. 
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of  a  knight  who  must  either  expose 
■  put  on  arinour  that  paralyzes  his 


l  the  power  of  being  able  to  striko 


The  battery  is  in  the  position 
his  vitals  to  his  enemy's  laiico  o 
sword  arm. 

There  is  as  much  protection  ii 
as  there  is  in  being  able  to  guard. 

As  naval  actions  in  likely  to  bo  short  and  decisive,  it  must  havo 
appeared  extremely  doubtful  whether  it  ni  worth  purchasing  in- 
creased safety  at  the  expeuso  of  Losing  the  attacking  power. 

The  last  of  tho  three  requirements  in  coast  defence  stated  was  the 
necessity  of  using  the  most  powerful  cannon. 

This  did  not  present  the  sntuo  difficulty  as  the  other  two,  because 
the  designers  of  our  defences  had  been  presented  by  my  friend  Captain 
Coles  with  tho  means  of  mounting  the  heaviest  guns  to  fire  in  any 
required  direction.  Whon  very  large  and  valuable  guns  are  used,  it 
is  not  advisable  to  cramp  their  action  and  restrict  it  to  a  small  area. 
The  turret  was  therefore  preferred  te  the  casemate  when  lateral  range 
was  required  ;  and  though  apparently  very  expensive  it  was  in  reality 
ohwpef  than  casemates,  because,  although  the  mounting  of  the  guns 
in  this  manner  cost  moro,  they  were  enabled  to  do  much  more  work, 
and  there  was  thus  an  economy  both  of  guns  and  men. 

Having  thus  far  endeavoured  to  describe  tho  extraordinary  diffi- 
culties which  the  new  improvements  in  artillery  inevitably  entailed 
on  the  engineers,  I  shall  now  direct  foot  attention  for  a  short  time  to 
the  difficulties  in  which  the  same  improvements  involved  the  artillery- 
men  themselves. 

Those  difficulties,  though  not  quite  so  important  as  the  engineering 
ones,  wore  very  serious  indeed,  and  have  not  yet  been  quite  overcome. 
They  consisted  chiefly  in  the  difficulty  of  making  carriages  and  plat- 
forms strong  enough  for  the  new  itnd  powerful  rifled  guns.  These 
pieces  burnt  enormous  charges  of  powder,  and  hurled  bolts  as  heavy 
as  an  old  field-piece  at  1000  feet  a-sccond. 

The  recoil  of  such  fruns  represents  a  violence  of  force  the  like  of 
which  man  has  never  had  to  deal  with  before.  Imagine  12,  18,  or 
25  tone  of  compact  iron  started  in  an  instant  into  rapid  motion  with  a 
violence  that  mocks  the  blow  of  a  steam-hammer. 

This  force  has  to  be  controlled  and  restrained.  It  is  no  wonder 
then  that,  when  met  directly  and  stopped  by  friction,  as  is  now  done 
in  the  ordinary  system,  the  difficulties  are  enormous.  Tho  horizontal 
strain  on  the  platforms,  pivots,  and  racers,  is  so  groat  that  it  has  not 
yet  been  quite  successfully  met :  constant  changes  and  inventions  are 
being  made  to  render  this  force  more  harmless. 

I  hope  I  have  now  conveyed  to  your  minds  some  idea  of  tho 
embarrassment  and  difficulties  which  have  fallen  upon  both  the  artil- 
lery and  engineers  by  the  rapid  improvement  of  these  formidable 
engines  of  war ;  and  of  the  persistent  and  able  struggle  which  both 
have  maintained  to  meet  directly  the  terrible  forces  with  which  they 
e  to  contend. 
They  have  both  succeeded  to  a  wonderful  extent,  but  their 


heir  success 
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is  blighted  by  that  curse  of  tbo  science  they  practise;  the  law  that  up 
to  this  time  has  existed—  viz.  that  what  was  gained  in  protection  was 
lost  in  efficiency,  and  the  converse. 

Happily  I  hiul  the  good  fortune  to  conceive  and  develope  an  idea 
which  abrogates  this  law.  The  very  force  tbo  existence  of  which  has 
been  so  great  a  difficulty  in  tin  artillery  question  has  been  compelled 
to  perform  a  service  that  at  once  sweeps  out  of  existence  a  great  many 
of  those  other  difficulties  that  embarrassed  fortification. 

When  two  evils  co-exist,  it  is  sometimes  good  policy  to  mako  them 
destroy  each  other. 

I  shall  now  refer  shortly  to  the  train  of  ideas  that  led  me  to  think 
of  solving  the  important  problem  in  quite  a  different  manner  from 
that  in  which  it  had  been  attempted,  which  had  led  to  the  adoption 
of  a  most  expensive  class  of  works. 

My  solution  gives  a  system  capable  of  mounting  the  heaviest 
artillery,  while  it  simplifies  the  vexed  question  of  fortification.  It 
gives  protection  without  the  expense  of  using  iron,  and  free  lateral 
range  to  the  guns  without  exposure 

The  system  is  indeed  a  simple  one  ;  it  does  not  require  either  brute 
strength  or  heavy  expenditure  for  its  application ;  nor  does  it  need 
mighty  forges  to  weld  iron  walls  to  protect  our  guns  and  gunners ;  it 
only  calls  to  our  aid  tho  simplest  and  most  docile  forces  of  nature. 

Instead  of  trying  to  meet  force  by  force,  I  make  my  guns  bow  to 
the  inevitable  conditions  which  science  has  imposed ;  and  instead  of 
wasting  energy,  money,  and  skill  in  attempts  to  raise  a  buttress  against 
the  new  artillery,  I  employ  the  hitherto  destructive  force  of  recoil  to 
lower  the  gun  bolow  the  natural  surface  of  tho  ground,  where  it 
can  bo  loaded  and  worked  in  security  and  in  comfort ;  and,  at  the 
same  time,  I  have  made  that  destructive  force  so  much  my  servant 
that  1  compel  it  at  my  pleasure  to  raise  tho  gun  again  into  the  fight- 
ing position  whenever  it  is  required. 

In  1855,  whilo  watching  the  interesting  iiperatimis  before  Sevas- 
topol, and  endeavouring,  as  well  as  I  could,  to  understand  the  condi- 
tions under  which  the  siege- or  till  cry  was  used,  I  conceived  the  idea 
which  is  now  realized.  It  was  then  thot  I  saw  tho  value  of  earth  and 
the  importance  of  simple  expedients. 

It  was  plain  that  the  weak  point  of  a  battery  was  the  embrasure, 
which  formed  a  mark  to  fire  at,  an  opening  to  admit  the  enemy's  shot, 
and  required  constant  repair  even  from  tiio  effects  of  its  own  gun, 
which  in  firing  injured  tho  revetments  of  the  cheeks. 

I  also  came  to  the  conclusion  in  my  own  mind  that  a  remedy  for 
some  of  these  defects  could  be  devised.  Afterwards  1  worked  at 
various  plans,  of  which  sketches  were  mode  or  models ;  but  each 
design  had  defects  which  discovered  themselves  to  me  as  my  expe- 
rience increased. 

The  real  difficulty  of  the  thing  arose  from  the  necessity  of  pro- 
viding for  the  enormous  strain  of  the  recoil. 

Those   early   designs,   which    wore   sometimes   excellent   in   other 
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respects,  broke  down  at  this  difficulty,  anil  although  soma  of  thera  no 
doubt  would  answer  with  small  guns,  tboy  were  not  calculated  to  meet 
the  tremendous  recoil  of  large  rifled  pieces. 

At  la6t  I  hit  on  n  simple  principle  that  would  meet  this  difficulty 
to  advantage,  tin:  interposition  of  ii  moving  fulcrum  between  tho  gun 
and  platform.  Then  I  knew  that  the  problem  could  be  solved ;  and 
feeling  the  great  importance  of  tho  subject,  I  resolved  to  devote  my 
efforts  to  working  it  out  completely. 

While  directing  my  attention  to  this  simple  and  then  apparently 
ohscure  matter,  I  was,  as  you  may  imagine,  neither  an  idle  nor  dis- 
interested watcher  of  the  progress  of  artillery.  Every  step  in  advance 
was  riveting  the  certainty  in  my  mind  that  the  system  would  one  day 
be  required,  and  with  this  conviction  !  refused  to  allow  either  dis- 
couragement or  delay  to  make  mo  desist.  I  shall  now  endeavour  to 
explain  shortly  the  system  which  bom*  my  name,  as  far  as  it  relates 
to  coast  defence. 

It  consists  of  three  parts : — 

1st.  The  mechanical  principle  of  the  gun  carriages. 
2nd.  The  form  internal  am!  external  of  the  batteries. 
3rd.  The  selection  of  ground  for  placing  the  batteries,  and  the 
arrangement  for  working  thorn  to  the  greatest  effect; 
or,  in  other  words,  tho  tactics  of  defence  for  positions 
where  the  system  is  employed. 

The  principle  on  which  the  carriage  is  constructed  is  the  first  and 
most  important  part  of  the  new  system,  because  on  it  depends  the 
possibility  of  applying  tho  other  part*.  Thin  principle  may  be  shortly 
stated  as  that  of  utilizing  the  force  of  the  recoil  in  order  to  lower  the 
whole  gun  below  the  level  of  the  crest  of  the  parapet  so  that  it  can  he 
loaded  out  of  sight  and  out  of  exposure,  while  retaining  enough  of  the 
force  above  referred  to  to  bring  tho  gun  up  again  into  the  tiring  or 
righting  position. 

This  principle  belongs  to  all  the  carriages  ;  but  the  forms  of  those 
carriages,  as  well  as  tho  method  in  which  this  principle  is  applied, 
vary  in  each  ease. 

For  instance,  in  siege-guns,  where  weight  is  an  element  of  import- 
ance, tho  recoil  is  not  met  by  counterpoise. 

With  heavy  garrison  guns,  on  the  other  hand,  which  when  once 
mounted  remain  permanent  in  their  positions,  there  is  no  objection  to 
weight.  In  that  case,  therefore,  the  force  of  gravity  is  used  to  stop 
the  recoil,  because  it  is  a  force  always  the  same,  easily  managed,  and 
not  likoly  to  go  wrong ;  and  as  theso  carriages  are  employed  for  the 
most  powerful  guns,  it  is  a  great  advantage  to  have  the  most  simple 
means  of  working  them. 

It  has  been  already  mentioned  that  the  principal  difficulty  arose 
from  tho  enormous  nnd  hitherto  destructive  force  of  the  recoil  of 
powerful  guns ;  nnd  here  I  shall  point  out  tho  manner  in  which  that 
difficulty  is  overcome. 


i  that 
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That  part  of  the  carriage  which  is  called  the  elevator  may  be 
spoken  of  and  treated  as  a  lever  ;  this  lover  has  the  gun-carriage  axle 
at  the  end  of  tbo  power-arm,  and  the  centre  of  gravity  of  the  counter- 
weight at  the  end  of  the  weight-arm,  there  being  between  them  a 
moving  fulcrum. 

When  the  gun  is  in  the  firing  position  tho  fulcrum  on  which  this 
lever  rests  is  almost  coincident  with  the  centre  of  gravity  of  the 
counter- weight,  and  when  the  gun  is  fired  the  elevators  roll  on  the  pint- 
form,  and  consequently  the  fulcrum,  or  point  of  support,  travels  away 
from  the  end  of  the  weight-arm  towards  the  end  of  the  power-arm,  or  iti 
other  words  it  passes  from  tho  counter- weight  towards  tho  gun. 

Notice  the  important  result  of  this  arrangement. 

When  the  gun  is  fired  its  axle  passes  backwards  on  the  upper  or 
flat  part  of  a  cycloid.  It  is  free  to  recoil,  and  no  strain  is  put  upon 
any  part  of  the  structure,  because  the  counter- weight  commences  its 
motion  at  a  very  low  velocity.  As  tho  recoil  goes  on,  however,  the 
case  changes  completely,  for  the  moving  fulcrum  travels  towards  the 
gnn,  making  the  weight-arm  longer  and  longer  every  inch  it  travels. 
Thus  the  resistance  to  the  recoil,  least  at  first,  goes  on  in  an  increas- 
ing progression  as  the  gun  descends,  and  at  the  end  of  the  recoil  it  is 
seized  by  a  self-acting  pawl  or  clutch. 

Tho  recoil  takes  place  without  any  jar,  without  any  sudden  strain, 
and  its  force  is  retained  under  tho  control  of  the  detachment  to  bring 
up  the  gun  to  the  firing  position  at  any  moment  they  may  choose  to 
release  it.  The  recoil  moreover,  however  violent  at  first,  does  not  put 
injurious  hnrixi.iiit.iLl  strain  on  the  platform.  In  my  experiments  at 
Edinburgh  with  a  32  pounder,  I  found  that  so  slight  was  the  vibration 
on  tho  platform  caused  by  firing,  that  the  common  rails  on  which  tho 
elevators  rolled  in  that  experiment,  and  which  wero  only  secured  in 
the  slightest  manner,  did  nut  move  from  their  position,  nor  even  when 
heavy  charges  or  double  shot  were  used,  did  sand  and  dust  fall  off 
their  curved  tops. 

At  a  still  earlier  experiment  made  with  a  model  of  a  95-owt.  gun, 
tho  model  was  fired  on  tho  ice  with  excessive  charges,  and  neverthe- 
less remained  stationary. 

This  valuable  concomitant  of  the  system  cannot  lie  appreciated 
fully  without  referring  to  the  difficulties  that  have  been  experienced, 
and  aro  now  felt,  in  getting  pivots,  platforms,  Ac,  on  the  ordinary 
system  strong  enough  to  mount  tho  new  artillery,  where  tho  recoil  is 
stopped  by  friction  applied  din  illy  hy  means  of  what  are  technically 
called  comprt'wr*  attached  to  thu  plutform. 

I  shall  not  detain  you  hy  detailing  these  difficulties,  but  will  only 
state  that  tho  first  two  12-ton  guns  on  ordinary  carriages  that  were 
tired  in  casemates  (which  happened  a  fow  months  ago)  at  Gilkickcr 
Fort  were  both  hora  de  conduit  the  first  shot.  This  alarming  event 
showed  that  with  all  the  experience  of  ancient  and  modern  artillery 
(and  tho  carriages  referred  to  were  the  legitimate  exponents  of  the 
results  of  that  experience),  there  was  still  room  to  doubt  whether  the 
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problem  of  meeting  recoil  bud  boon  at  that  tinao  completely  solved  by 
the  existing  system. 

The  accident  referred  to  was  serious,  because  it  might  occur  in 
action,   iiinl   in   that    event   would   disable   the   gun,  pro  tempore,   ; 
completely  us  if  it  had  been  dismounted  by  a  shot. 

Some  credit  may  bo  claimed  for  the  now  system,  on  the  ground 
that  it  providod  a  carriage  for  a  heavy  piece  of  artillery  on  on 
entirely  new  principle,  in  which  not  a  single  part  was  copied  from 
anything  that  had  been  formerly  used,  dealing  with  new  conditions 
and  performing  new  functions  that  no  other  carriage  hid  done,  and 
yot  this  now  carriage  (the  first  complete  ouo  of  its  kind)  has  now 
tired  tiro  hundred  rounds. 

This  practice  has  been  carried  out  with  only  a  fow  accidents  which 
pointed  to  defects  in  the  gearing,  which  were  easily  remedied. 

By  treating  this  violent  force  in  the  manner  above  described,  a 
good  deal  of  the  strength  that  is  required  in  other  systems  becomes 
unnecessary,  and  at  tho  same  time  the  recoil,  however  violent,  con  not 
only  lie  met,  hut  utilized. 

Together  with  tho  carriages  there  are  some  improvements  of  minor 
importance,  such  us  trunnion  pointers,  reflecting  sights,  graduated 
racers,  and  so  on,  which  it  would  he  out  of  place  to  discuss  at  present, 
but  which  contribute  to  the  efficiency  and  <.'<>)ii]>khne.ss  of  tho  system, 
and  are  more  or  less  required  for  carrying  it  out  as  a  consistent  whole 
for  coast  d  of once. 

The  socoud  part  of  tho  system,  viz.  tho  profile  of  the  batteries,  is 
of  tbo  highest  importance,  because  unless  it  is  attended  to  great  ad- 
vantages are  lost. 

This,  unfortunately,  makes  the  system  extremely  difficult  of  adapt- 
ation to  existing  works.  In  order  to  get  the  full  advantage  of  it  no 
exterior  slope  of  parapet  should  bo  exposed  to  the  view  of  the  enemy. 
This  prevents  him  from  being  able  to  tell  whether  the  fire  be  correct 
or  wasted,  and  affords  no  means  to  him  of  correcting  error. 

The  battery  in  fact  is  masked ;  so  that  at  some  distance,  or  in  dull 
weather,  a  moving  ship  would  havo  considerable  difficulty  in  laying 
her  guns  on  one  battery,  and  still  more  difficulty  if  there  were  several 
batteries  judiciously  placed  for  the  purpose  <>!'  deceiving  the  eyo. 

It  can  easily  bo  undorstood  that  the  slightest  error  in  elevation 
would  either  carry  the  shot  harmlessly  over  tho  battery  or  else  causo 
it  to  ricochet  off  the  glacis  or  superior  slope. 

In  fact  when  the  gun  is  down  the  enemy  has  nothing  to  aim  at  but 
on  undefined  horizontal  line. 

In  connection  with  this  I  should  mention  a  very  interesting  fact, 
brought  out  by  General  Simmons  at  the  last  discussion  of  the  Itoyal 
Engineers  on  a  paper  of  mine. 

He  stated  that  on  analyzing  the  range  reports  of  the  Armstrong 
and  Whitworth  competitive  trials,  which  were  very  carefully  con- 
ducted, he  found  that  the  mean  horizontal  and  vertical  errors  wi 
very  different. 
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The  horizontal  error  increased  almost  directly  as  the  range,  that 
ia  to  say,  at  400  yarda  it  was  four  times  as  great  as  at  100  yards,  but 
that  the  vertical  error  went  on  in  a  rapidly  increasing  progression, 
showing  that  it  would  he  much  mora  difficult  to  hit  a  low  object  than 
a  high  one  of  the  same  area. 

Thin  law  hiis  :ui  important  hearing  on  tlic  subject,  anil  should  not 
be  lost  sight  of  in  designing  defensive  works  of  any  kind. 

It  will  he  observed  that  the  interior  slope  of  the  parapet  gives  the 
most  complete  protection  to  the  men,  especially  when  the  dome-form 
is  adopted. 

Sketch  showing  i 
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Up  to  the  present  time  the  new  system  Las  only  been  considered  u 
an  improvement,  and  its  value  Las  only  been  estimated  as  an  adaptation 
to  existing  forts,  and  thorn  are  no  projiosals  fur  applying  it  per  te. 

I  am  eitromely  anxious  to  impress  on  you  and  on  my  countrymen 
that  its  full  value  cannot  be  seen  in  this  manner,  and  that  it  suffers 
injustice  by  being  thus  treated.  I  trust  its  proper  uso  will  be  fully 
discovered  before  the  inevitable  lesson  is  dictated  by  war,  and  that  it 
may  be  applied  in  works  expressly  designed  for  it,  and  not  merely 
adapted  to  its  use. 

The  third  part  of  this  system  consists  in  its  application  to  given 
positions,  tho  disposition  of  the  batteries,  and  methods  of  working  them 
in  concert  with  or  in  support  of  each  other. 

If  I  might  be  excused  for  using  tho  paradox,  the  system  for  coast 
defence  consists  in  the  absence  of  any  defined  system  ;  that  is  to  say, 
instead  of  tiiakiiiLT  lar;;o  regular  forts,  and  i'uirin^  surrounding  c' 
stances  into  harmony  with  them,  every  accident  of  the  ground 
case  would  bo  seized,  where  available,  and  small  batteries,  consisting 
of  a  few  guns,  or  even  one  powerful  gun,  laid  down  so  as  not  to  take 
away  the  natural  aspect  of  the  position. 

These  batteries  would  be  well  retired  from  the  channel,  and  placed 

is  to  support  each  other  in  ease  nf  attack,  and  should,  when  circum- 
stances permit,  afford  flunk  defence  to  each  other,  in  conjunction  with 
obstacles  of  any  diameter  that  eould  be  conveniently  employed,  and  with 
strongholds  for  infantry  and  light  artillery,  commanding,  if  jtossiblo. 
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tho  sea-batteries,  so  as  to  make  them  untenable  by  an  enemy,  and  so 
placed  as  to  be  in  the  best  position  for  ft  reserve,  ready  to  support  any 
point  attacked  ;  tho  whole  connected  with  BOOcI  ;uid  riwttwww  roads. 

In  stopping  tho  passage  of  a  navigable  river  or  channel,  for  in- 
stance, the  gnus,  instead  of  being  massed,  would  be  scattered  round 
the  points  where  marine  obstructions  were  placed. 

These  guns  would  be  disposed  in  such  ft  manner  as  to  retain  as 
much  as  possible  fur  the  defence  the  advantages  of  a  free  lateral  range, 
converging  fire,  and  different  amounts  of  command.  In  other  words, 
the  method  consists  in  placing  in  position  the  heaviest  and  most 
powerful  artillery  to  tho  greatest  advantage,  making  that  the  first 
consideration,  and  aft  it  muds  protecting  tho  batteries,  by  separate  and 
distinct  arrangements  easily  devised  by  officers  on  the  spot,  against 
assault  by  any  force  that  ships  might  land  for  that  purpose. 

When  an  object  is  to  be  attained,  I  prefer  to  grapple  with  the 
most  difficult  and  important  part  of  it  first, — do  that  well,  — and  meet 
the  other  requirements  afterwards,  with  as  little  loss  of  efficiency  as 
possible. 

The  first  object  of  coast  defence  is  to  meet  and  defeat  the  attack 
of  powerful  ships ;  the  nest  is  to  protect  the  shore-batteries  against 
landing  parties. 

It  must  not,  however,  bo  forgotten  that  there  are  positions  of 
such  importanco  that  they  might  bo  attacked  by  an  army  on  land. 
Such  positions  must  either  bo  defended  by  another  army  placed  in 
a  favourable  position  by  such  arrangements  as  those  above  referred 
to,  or  else  by  regular  and  complete  earthworks  thrown  up  in  time  of 
danger,  which  would  enable  a  still  smaller  garrison  to  resist  anything 
but  regular  approaches. 

There  are,  however,  few  coast  positions  of  such  importance  as  to  ' 
draw  the  attack  of  a  whole  army;  und  such  positions,  as  a  rule,  are 
now  provided  with  regular  works  of  a  very  high  order ;  whereas  there 
aro  many  positions  exposed  to  a  heavy  naval  attack,  such  as  our  large 
mercantile  ports,  &e.  They  are  almost  invariably  centres  of  popula- 
tion, who  require  only  field  works  and  good  small  arms  (which  are  now 
more  powerful  than  ever)  to  repel  the  most  determined  attacks  of  any 
numbers  that  war-ships  could  land. 

I  believe  many  of  the  present  coast-works  are  defensible  only 
against  a  coup  <te  main. 

Wherever  land  attach  is  of  more  importanco  than  naval,  the 
character  and  efficiency  of  sea-batteries  must  give  precedence  to  those 
considerations  which  provide  against  assault.  On  the  best  provisions 
for  meeting  this  I  do  not  pretend  to  give  an  opinion.  In  such  cases, 
the  possibility  of  attack  by  both  direct  and  vertical  lire  must  be  kept 
in  view. 

Where  my  system  is  employed  for  arming  such  works,  one  or  two 
precautions  would  increase  the  power  of  resistance. 

1st.  The  large  guns  for  operating  against  skips,  with  traverse* 
and  parados  to  each,  should  be  kept  as  far  apart  as  space  will  adu  ' 
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2nd.  Amplo  and  thoroughly-complete  bomb-proof  cover  for  the 
whole  garrison  should,  if  possible,  be  supplied  in  the  middle  of  the 
work,  with  arrangements  for  interior  defence  (imt  barracks,  but  places 
for  emergency),  thoroughly  secure  from  vertical  fire — good  and 
healthy  barracks  for  the  men  being  made  independent  of  the  works, 
and  by  preference  kept  out  of  the  way. 

3rd.  Howitzers  and  light  artillery  ought  to  be  kept  in  reserve, 
in  bomb-proofs  constructed  for  tin-  (impose,  and  (with  the  new  system 
this  can  easily  be  done)  also  with  the  means  of  changing  these  to  any 
required  face. 

The  dispositions  of  defensive  batteries  such  as  those  I  have  very 
imperfectly  attempted  to  describe  would  not  bo  complote  without 
good  arrangements  for  internal  communications,  not  only  by  roads, 
but  by  telegraph,  with  a  clearly  laid  down  and  simple  roothod  of 
working  them ;  that  is,  not  liable  easily  to  go  wrong,  nor  to  lead  to 
mistakes,  and  which  would  not  require  very  high  skill. 

Such  arrangements  would  hlOniWl  the  Power  of  the  defence,  and 
indeed  would  be  necessary  with  the  detached  system. 

I  have  accordingly  given  them  some  attention,  and  designed  rt 
general  plan  of  laying  off  the  ranges  and  working  the  telegraphs, 
which  will  make  it  possible  to  supply  simultaneous  information. 

The  system  I  refer  to  (which  has  been  submitted  to  the  Director- 
General  of  Ordnance)  would  apply  to  any  position,  but  its  particular 
application  would  vary  in  each  case. 

It  is  extremely  simple.  One  part  of  it  depends  on  electrical 
instruments  which  I  have  invented  for  tho  purpose,  and  which, 
without  cither  ealcuktioiis  or  experience,  give  the  range  and  posi- 
tions of  an  indicated  ship  at  every  gun  in  the  position. 

Another  part  of  it  enables  the  officer  directing  the  defence  to 
deliver  in  one  instant,  by  tho  touch  of  his  finger,  a  converging  volley 
from  one  or  both  sides  of  a  channel  on  a  vessel  sailing  past. 

The  possibility  of  delivering  correct  fire  in  this  manner  on 
a  moving  object,  without  aiming,  and  by  an  officer  not  even  in 
the  battery,  was  illustrated  in  ouo  of  my  experiments  with  tho 
7-ton  gun-carriage  at  Shoeburyness ;  and  I  trust  I  may  be  given 
Borne  day  a  chance  of  showing  to  what  perfection  this  system  can  be 
carried. 

Methods  of  determining  the  distance  of  vessels  from  batteries  are 
practised  here  and  in  some  continental  countries.  My  method  is 
designed  to  be  quicker,  simpler,  and  therefore  more  effective.  It  is 
adapted  to  work  in  conjunction  with  the  arrangements  for  submarine 
mines.  That  part  of  it  which  gives  the  required  information  for 
sighting  the  guns  is  of  so  simple  a  character,  that  the  moBt  uneducated 
gunner  cannot  make  a  mistake  in  its  application. 

There  are  many  other  features  of  the  system  besides  those  I  have 
particularly  referred  to  which  I  shall  not  now  discuss  ;  each  requires 
differont  treatment. 

Among  these  there  are  methods  of  mounting  guns  in  ships,  in 
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floating-batteries,  Moncrieff- carriages  for  heavy  guns  of  position, 
adapted  for  locomotion,  for  coast-defence,  siege- carriages,  &o. 

I  may  remark  in  passing  that  some  uf  these  applications  ore 
considered  by  officers  of  eminence  to  be  quite  as  important  as  tho  class 
of  Moncricff-carriagns  best  known. 

For  instance,  I  take  tko  liberty  of  quoting  from  a  letter  I  received 
from  Colonel  Brialmont,  the  great  Belgian  engineer  and  military 
writer,  in  November,  1868.     He  says  : — 

"I  am  at  present  engaged  in  publishing  a  great  work  on  fortifica- 
tions. I  shall  naturally  sjiiak  of  your  invention  in  it,  and  if  agreeable 
to  you  I  shall  likewise  mention  your  proposal  with  regard  to  barbette 
system  in  batteries  of  attack.  I  believe  this  idea  is  destined  to  have  a 
great  future.     This  last  invention  will  perhaps  bring  you  less  renown 

than  the  one  you  have  experimented  on  at  "I liilljlHMW,  but  it  will 

have  a  more  general  and  easier  application." 

I  am  most  anxious  to  impress  the  national  importance  of  this 
question  of  coast  defence  in  relation  to  the  system  of  earthworks 
which  are  now  possible. 

The  day  has  gone  by  when  the  general  principles  of  any  science  need 
be  considered  a  mystery,  and  I  submit  that  any  man  of  intelligence, 
without  knowing  all  those  details  which  are  the  particular  business 
of  officers  trained  to  apply  them,  may  nevertheless  form  valuable 
opinions  on  the  general  principles  of  coast  defence,  and  may,  with  care 
and  observation,  bo  able  to  arrive  at  sound  conclusions  regarding  them. 

The  security  of  a  country  like  this  does  not  depend  so  much  on 
fortresses  as  on  the  efforts  that  can  be  made  by  a  contented,  brave,  and 
patriotic  people.  If  it  is  known  by  those  who  would  invade  us  that 
we  have  not  only  brave  hearts,  skilled  hauds,  and  powerful  guns,  but 
a  system  of  applying  our  resources  that  is  capable  of  making  any 
coast  position  formidable  to  war-ships,  that  knowledge  will  have  its 
effect. 

In  war-time  a  good  general  disposes  of  his  forces  in  that  manner 
which  will  be  most  embarrassing  and  most  formidable  to  the  enemy. 
In  time  of  peace  we  might  arrange  and  prepare  our  coast  defences  on 
similar  principles. 

The  improved  artillory  applied  in  earthworks  made  thoroughly 
efficient  on  the  new  system,  together  with  the  facilities  which  tho 
existing  network  of  railways  slightly  extended  would  supply,  should 
be  made  to  go  some  way  in  meeting  the  oormapondiDg  advantages,  that 
have  been  conferred  on  tho  power  of  attack  by  steam  navies  and  iron- 
clad war-ships. 

If  my  labours  have  in  any  degree  tho  effect  of  diverting  tho  great 
resources  of  this  country  from  a  more  expensive  to  a  cheaper  and 
more  efficient  system  of  coast  defcuco  both  in  the  colonies  aud  at  homo, 
and  if  thereby  tho  security  from  outrage  and  disaster  is  increased, 
the  consciousness  of  having  helped  to  do  so  will  itself  be  to  me  a 
reward  for  the  delays,  anxieties,  and  trouble  that  it  has  cost  me  to 
bring  this  matter  forward.  (  .    „  -. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  14,  1869. 

Sib  Henut  Holland,  Bart.  M.D.  D.C.L.  F.E.S.  President, 
in  tho  Chair. 

W.  H.  Pbrkin,  Esq.  F.R.S. 

On  the  Nvweet  Colouring  Matters. 

Seven  years  ago  the  subject  of  the  Coal-tar  Colours  was  first  brought 
under  your  notice  in  this  Institution  by  the  illustrious  Dr.  Hofmann, 
whose  brilliant  lecture  on  Mauve  and  Magenta  must  still  lie  fresh  La 
your  memories.  Since  then  your  attention  has  been  directed  to  a 
further  development  of  tlio  saino  subject  by  Mr.  Frederick  Field ; 
and  it  may  appear  sti'im^c  that  I  should  invito  you  after  so  short  on 
interval  to  listen  to  another  discourse  on  the  chemistry  of  the  arti- 
ficial colouring  matters.  I  need  nut  remind  you,  however,  that  in  this 
age  of  progress  the  most  remarkable  advances  ore  those  which  are 
assisted  by  the  band  of  science  ;  and  the  bare  statement  that  the  pro- 
gress! venes*  uf  sci>'iiti1ic  ivoi-k  is  strikingly  i.-xempliliii!  by  the  history 
of  these  colouring  matters  will,  I  trust,  be  deemed  a  sufficient  justifi- 
cation of  my  review  of  tbo  subject. 

The  first  of  tbo  coal-tar  colours,  the  "  Mauvo,"  come  before  tho 
world  nearly  thirteen  years  ago  ;  the  "  Magenta  "  appeared  about  two 
years  later  ;  and  each  succeeding  year  has  seen  additions  to  this 
remarkable  class  of  products.  Indeed  mo  rapidly  have  these  colours 
multiplied,  that  I  can  only  notice  tho  chief  points  of  interest  in  their 
chemical  history. 

I  may  remind  you  that  coal-tar  is  produced  in  tho  manufacture  of 
illuminating  gas  by  the  destructive  distillation  of  coal,  and  that  it 
consists  of  a  host  of  products,  from  a  few  of  which  our  coal-tar  colours 
are  derived.  Many  of  these  colours  are  derivatives  of  aniline,  one  of 
the  organic  boses  found  in  coal-tar.  The  separation  of  this  base  from 
the  other  cool-tar  products  is  attended  with  much  difficulty,  and  for 
this  reason  the  whole  of  tho  aniline  employed  in  the  manufacture  of 
colouring  matters  is  prepared  from  the  more  volatile  product  benzol. 
By  the  action  of  nitric  acid  the  benzol  is  converted  into  a  dense  yellow 
oil  called  nitro-benzol,  and  by  the  action  of  nascent  hydrogen  this  new 
compound  is  transformed  into  aniline.  The  benzol  of  commerce, 
however,  is  invariably  a  mixture  of  benzol  and  toluol,  and  tho  product 
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obtained  from  it  ia  a  mixture  of  tiia  allied  bases  aniline  and  toluidine, 
both  of  whieb  aro  required  for  the  formation  of  the  artiiicial  colouring 
mutters.  The  commercial  aniline  thus  constituted  is  an  oily  liquid 
usually  of  a  pale  slurry  colour.  It  dissolves  readily  in  dilute  acids, 
forming  nearly  colourless  solutions,  which  yield  when  treated  with 
bichromate  of  potassium  a  sooty  black  powder.  This  unpromising 
product  contains  that  beautiful  colouring  matter  the  Mauve,  which 
may  be  extracted  by  dilute  spirit  of  wine. 

As  the  Mauve  is  the  oldest  of  the  coal-tar  colours,  and  a  child  of 
my  own,  I  feel  constrained  to  say  something  about  its  peculiarities. 
I  may  remind  you  in  the  first  place  that  it  is  characterized  by  great 
stability,  a  quality  not  shared  by  a!I  the  coal-tar  purples.  The  pure 
colouring  matter  contains  a  powerful  organic  bane  now  called  maueeine. 
This  base  dissolves  in  spirit  of  wine,  forming  a  solution  of  a  dingy 
violet  colour,  and  the  development  of  the  beautiful  mauve  or  purple  is 
the  result  of  the  union  of  the  base  with  an  acid.  The  colouring 
matter  generally  used  is  the  acetate  of  inauvcine,  a  salt  which  may  be 
obtained  in  fine  crystals  having  a  greeu  metallic  lustre.  So  great  is 
th )  affinity  of  mauveine  for  even  the  most  feeble  acids,  that  the  dull 
colour  of  its  nlcoholie  solution  rapidly  changes  to  purplo  under  the 
influence  of  the  carbonic  acid  of  the  breath.  Manveino  is  decolorised 
by  nascent  hydrogen,  but  its  original  colour  is  instantaneously  restored 
by  the  oxygon  of  the  air.  Ordinary  indigo  is  similarly  affected,  but 
it  does  not  resume  its  colour  as  rapidly  as  mauveine. 

As  early  as  183G,  Rungo  obtained  from  the  products  of  the  de- 
structive distillation  of  coal  a  basic  oil,  which  exhibited  a  remarkable 
blue  coloration  when  treated  with  chloride  of  lime.  This  oil,  which 
ho  named  hjattol,  or  hluo  oil,  was  afterwards  found  to  bo  aniline  ;  and 
since  the  discovery  of  the  mauve,  the  blue  coloration  produced  by 
chloride  of  lime  has  often  been  ascribed  to  the  formation  of  that 
Colouring  matter.  I  have  lately  succeeded  in  obtaining  tho  product 
of  ltunge's  experiment  in  tho  solid  condition,  and  I  find  that  it  dis- 
solves in  alcohol,  forming  a  solution  of  a  nearly  pure  blue  colour, 
which  is  changed  to  a,  brownish -red  by  the  action  of  caustic  alkali. 
It,  therefore,  differs  ■  ssijitially  from  tho  mauve,  an  alcoholic  solution 

■  >f  which  when  treat'  il  with  cutis  tie  ulkali  pusses  from  purple  t"  violet. 
The  blue  product,  which  I  propose  to  call  *'  lentigo's  Blue,"  undergoes 
a  very  remarkable  change  when  subjected  to  the  action  of  heat.  Jt  is 
rapidly  converted  into  a  purple  colouring  mutter,  which  is  found  tw  be 
tho  true  mauve.  Indeed  ltunge's  bluo  is  so  prone  to  change  into  the 
more  stable  mauve  that  its  composition  cannot  be  satisfactorily 
determined. 

The  beautiful  crystalline  colouring  matter  Magenta,  and  its  base 
rovaniline,  have  been  brought  under  your  notice,  with  ample  illustra- 
tions of  their  formation  and  properties,  ou  previous  occasions.  I 
shall  not  stop,  therefore,  to  recount  the  chemical  history  of  these 
important  compounds,  but  will  proceed  to  devolop  tho  principles 
which  elucidate  tho  structure  of  the   artificial   colouring  matters.      I 
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way  remark,  however,  that  rosoniline  wm  occupies  much  tlio  same 
position  with  respect  to  the  coal-tar  colours  as  aniline  occupied 
formerly.  It  is  now  the  principal  raw  material  in  the  manufacture 
of  these  colouring  matters. 

Nearly  all  the  coal-tar  colours  contain  organic  bases  which  Biay 
be  regarded  as  representatives  of  ammonia.  It  is  scarcely  necessary 
to  remind  you  Unit  this  typical  body  ammonia  is  coiujiosed  of  throe 
atoms  of  hydrogen  and  one  atom  of  nitrogen,  its  symbolic  formula 
being  H„N.  Chemists  have  fouud  tliat  oeitain  groups  of  carbon  and 
hydrogen  atoms  can  take  the  place  of  single  utoius  of  hydrogen  in 
chemical  compounds.  These  groups  are  called  radicals,  and  many  of 
them  oro  distinguished  by  special  names;  thus  we  hare  the  radicals 


C  ns  Methyl 


C,Ht  Phenyl 


0,,  H,  N&pthyl 


each  of  which  has  the  combining  value  of  an  atom  of  hydrogen.  Now 
we  can  tukc  ammonia  and  by  chemical  means  insert  any  one  of  these 
radicals  in  the  place  of  hydrogen,  ho  as  to  produce  a  complex  form  of 
ammonia.  With  the  radicals  I  have  mentioned  we  may  get  this  s 
of  compounds : 


Hl 

H) 

Hl 

H) 

UN 

H     N 

H    N 

H    N 

h) 

OH.I 

C.H.I 

C„H,I 

LmmonU. 

Meiiijlhmlnc. 

I'lH-fljlllUlllll.'. 

NiphcbylumLuc. 

I1  hen y lam i lie  is  merely  t-lio  systematic  name  for  aniline;  so  you  sei 
actually  start  with  an  ammonia  in  the  preparation  of  our  colouring 
matters.  The  process  nf  displacing  hydrogen  may  he  continued  until 
we  get  ammonias  in  which  e pound  radicals  are  substituted  for  two- 
thirds  or  even  the  whole  of  the  hydrogen.  We  have  thus  obtained 
the  compounds — 


H) 

CH.) 

H) 

C„H, 

chJn 

cn,  n 

CDH,   N 

0„HS 

N 

ch,I 

chJ 

C.H.I 

C.H, 

ISnu-tHjlmiine. 

TrlnitlbyUroinp. 

Di[>ticnjlaBiint>. 

Trli>hnvLi 

In  addition  to  those  radicals,  like  methyl  and  phenyl,  which  dis- 
place single  atoms  of  hydrogen,  we  have  other  groups  of  carbon  aud 
hydrogen  atoms,  called  bivalent  radicals,  each  of  which  can  displace 
two  atoms  of  hydrogen.  The  formulm  and  names  of  two  radicals  of 
this  class  oro  here  given,  dasbes  being  used  to  indicate  tho  combining 

(C.H,)"  Ethylono  (0,H.)"  Phenylene 

Now  when  we  attempt  to  displace  the  hydrogen  of  ammonia  by  ouo  of 
these  radicals,  wo  obtain  a  very  remarkable  result.  Instead  of  taking 
tho  place  of  two  atoms  of  hydrogen  in  a  single  molecule  of  ammonia, 
the  radical  acts  upon  two  molecules,  displacing  a  single  atom  of  e 
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and  binding  together  the  residues,  so  as  to  produce  a  double  ammonia 
or  diamine,  thus : 


H 
H 


N 


H 
H 


(C.H,)" 

h|n 

Ethylene-diamine 


N 


(C.H.)"' 

h}n 

H' 

Phenylene-diamlne. 


By  means  of  these  bivalent  radicals  we  may  thus  bind  three  molecules 
of  ammonia  together  and  obtain  a  triple  ammonia  or  triamine  ;  and  we 
may  even  bind  four  molecules  together  and  produce  a  quadruple  am- 
monia or  tetramine.  The  formulffi  of  these  complex  ammonias  may  be 
written  in  a  comparatively  simple  manner,  thus : 

(C,U4)"1N  (CH.V'lN  (C.H.VU 


Ethylene-diamine. 


Ethylene-triamine. 


Ethylene-te  train  lne. 


Most  of  the  bases  of  our  coal-tar  colours  are  compounds  of  this  class. 

Mauveine,  the  base  of  the  mauve,  appears  to  be  a  tetramine  in 
which  the  group  GM  H»  takes  the  place  of  eight  atoms  of  hydrogen. 
This  group  really  consists  of  several  radicals,  but  it  may  be  con- 
veniently represented  as  an  integral  part  of  the  formula,  thus : 


(C„H„) 
H 

Mauveine. 


Q  "•• 


Bosaniline,  the  base  of  the  magenta,  is  undoubtedly  a  triamine,  in 
which  the  place  of  six  atoms  of  hydrogen  is  filled  by  the  group  Cw  Hia, 
also  consisting  of  several  radicals,  which  need  not  be  written  sepa- 
rately for  our  present  purpose.  We  accordingly  represent  the  anhy- 
drous base  by  the  formula 


Roeaniline, 


£1* 


If  we  boil  a  salt  of  rosaniline  with  aniline  or  phenylamine  we  find 
that  the  radical  phenyl  displaces  the  hydrogen  that  is  not  combined 
with  carbon,  and  we  obtain  successively  salts  of  three  new  bases  which 
may  be  thus  formulated : 


Phenyl-roeanlline. 


C„H 


(C.HS),  H 

Dlpbenyl-rosaniline. 


1,}n, 


(C,HS),[  *• 

Tripbcnyl-roaaniline. 


*  From  recent  experiments  I  am  induced  to  consider  the  formula  of  Mauveine 
as  Gm  HM  N«,  instead  of  C*  H*  N*. 
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These  successive  substitutions  of  phenyl  for  hydrogen  are  attended  with 
remarkable  alterations  at  colour.  The  beautiful  rod  or  magenta  colour 
of  the  rosaniline  salt  is  changed  fust  to  violet,  thou  to  blue  violet,  and 
lastly  to  a  magnificent  blue.  The  salts  <if  tri  phenyl -rosaniline  con- 
stitute tho  important  colouring  matter  which  is  known  eommercially 
as  "  Bleu  tie  Lyon  "  or  "  Opal  Blue,"  while  tho  suits  of  the  other  two 
bases  form  the  beautiful  product  railed  "  Violet-  Impa-kilt:"  The  re- 
markable relationship  of  these  colouring  mutters  to  rosaniline  was 
elucidated  by  Dr.  Hofmann. 

But  phenyl  is  not  tho  only  radical  that  can  be  substituted  for 
hydrogen  in  a  complex  molecule,  and  Dr.  Ilofmann  has  succeeded  in 
producing  methyl  and  ethyl  rosumlinos  analogous  to  the  phenyl  deri- 
vatives. By  heating  rosaniline  with  i<n.lii.}e  of  methyl  we  displace  ono 
hydrogen  atom  by  the  group  CH,  and  obtain  wthyl-roxaniline,  a  base 
which  forms  salts  of  a  red  violet  colour.  By  the  further  action  of  the 
iodide  of  methyl  a  second  hydrogen  atom  is  displaced,  and  we  get 
iVuifthijl-rafuiUine,  the  salts  of  which  exhibit  a  bluer  shade  of  violet. 
A  third  substitution  of  methyl  for  hydrogen  gives  us  trimetltyl-rotani- 
Une,  which  forms  salts  of  a  very  blue  violet  colour.  The  methyl  and 
ethyl  derivatives  of  rosaniline  aro  the  bases  of  tho  magnificent  colour- 
ing matters  known  as  the  "  Hofuiumi  Violets,"  and  extensively  used 
by  tho  dyer  and  the  printer. 

I  may  mention  at  this  point  that  up  to  tho  present  timo  I  have  only 
been  able  to  effect  a  single  substitution  of  methyl  for  hydrogen  in 
mauveino.  The  most  remarkable  fact  connected  with  this  substitution 
is,  that  the  methyl  influences  tho  colour  of  the  product  in  the  opposite 
manner  to  that  observed  in  the  ease  of  rosaniline  ;  instead  of  making 
the  colour  bluer  it  causes  it  to  become  redder. 

Our  theoretical  considerations  must  now  be  interrupted,  as  I  havo 
to  call  your  attention  to  a  few  colouring  matters  upon  which  chemistry 
has  thrown  but,  little  light  as  yet. 

Oil  of  turpentine  when  treated  with  bromine  and  water  yields  a 
very  peculiar  viscid  body  having  tho  composition  C,„  H„  Br„.  I  found 
that  when  this  product  was  heated  with  a  solution  of  rosaniline  in 
methylated  spirit,  purple  and  violet  colouring  matters  of  great  beauty 
were  produced.  These  colours  are  now  very  extensively  used  by  tho 
dyer  and  printer,  being  commercially  known  as  the  ''Britannia 
Violets."  They  appear  to  bo  amorphous  and  aro  easily  fusible, 
consequently  they  are  not  very  promising  subjects  for  chemical 
investigation. 

The  next  colouring  matter  that  comes  under  our  notice  is  another 
derivative  of  rosaniline.  When  experimenting  with  rosaniline,  M. 
Lauth  found  that  a  solution  of  this  base  in  concentrated  sulphuric 
acid  reacted  with  the  colourless  and  volatile  liquid  called  aUhhyd  to 
form  a  beautiful  blue  colouring  matter.  Unfortunately  this  product 
was  characterized  by  great  instability,  a  quality  not  generally  desir- 
able in  a  colour.     A  dyer  named  Clurpin  endeavoured  to  turn  this 


able  in  a  colour.     A  dyer  named  Clurpin  endeavoured  to  turn  this 
blue  to  practical  account,  but  all  his  attempts  to  render  it  permanent 
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were  fruitless.  He  happened,  however,  to  mention  his  difficulty  to  a 
friendly  photographer,  who  having  unbounded  faith  in  the  powers  of 
the  chemicals  employed  in  his  own  art,  confidently  recommended  hypo- 
sulphite of  sodium  as  a  tiling  agent.  Though  the  connection  between 
the  fining  of  a  dye  and  the  fixing  of  a  photograph  was  not  sufficiently 
obvious  to  inspire  hope,  the  dyer  resolved  to  test  the  efficacy  of  his 
friend's  hyposulphite.  Much  to  bis  astonishment  he  found  that  the 
salt  turned  his  useless  blue  into  a  splendid  green,  which  fortunately 
proved  to  be  a  fast  colour.  This  is  the  history  of  the  beautiful 
colouring  matter  known  as  the  "  Aldehyd  Green,"  or  "  Night  Green," 
the  latter  name  having  been  applied  to  it  on  account  of  its  brilliancy 
under  artificial  light.  Though  its  chemical  nature  is  not  perfectly 
understood,  there  can  bo  no  doubt  that  it  is  the  salt  of  a  colourless 
organic  base  capable  of  decomposing  ammonia  salts. 

We  must  now  resume  the  consideration  of  our  compound  am- 
monias. I  have  told  you  that  all  the  hydrogen  in  ammonia  may  be 
displaced  by  compound  radicals,  and  have  referred  to  trimethylamine 
as  a  product  of  this  complete  displacement.  These  complex  forms  of 
ammonia  were  studied  by  Wurtz  and  Hofmann,  but  more  particularly 
by  the  latter,  whose  magnificent  researches  in  connection  with  these 
bodice  have  secured  him  an  exalted  position  among  modern  chemists. 
Having  succeeded  in  displacing  the  whole  of  the  hydrogen  in  am- 
monia, Dr.  Hofiuann  naturally  thought  that  the  substitution  process 
could  be  carried  no  further;  but  disregarding  preconceived  ideas,  he 
submitted  his  altered  ammonias  to  the  action  of  the  iodides  of  methyl 
and  ethyl.  Ho  fonnd  to  his  astonishment,  that  a  compound  ammonia, 
like  trimethy  bin  line,  would  unite  with  the  iodide  to  produce  a  splendid 
crystalline  body.  These  now  products  were  found  to  bo  comparable 
to  the  iodide  of  ammonium.  The  methyl  compound  for  instance  may 
bo  viewed  as  iodide  of  ammonium  modified  by  the  substitution  of 
methyl  for  hydrogen.  Wo  may  thus  indicate  the  relationship  of  the 
two  bodies : 


II  I 


CH.l 
CH. 
CH.f 
CH,| 


When  strongly  heated  the  iodide  of  tctramcthyl -ammonium  splits  up 
into  the  very  products  from  which  it  was  prepared,  namely,  trimethyl- 
amine and  iodide  of  methyl. 

We  have  seen  that  methyl  can  bo  introduced  into  rosanilino  by 
three  separate  displacements  of  hydrogen.  An  interesting  question 
now  arises:  Will  trimethyl-i-osaniliuo  combine,  like  trimethylamine, 
with  iodide  of  methyl  ?  It  will,  and  the  product  is  a  beautiful  colour- 
ing matter.  Recollecting  that  the  development  of  a  blue  tint  in  the 
Hofmann  violets  indicated  successive  substitutions  of  methyl  for  hy- 
drogen, we  might  reasonably  conclude  that  this  now  methyl 


yl  for  hy- 

com  pound 
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would  bo  still  bluer  than  a  salt  of  trimcthyl-rosauiline.  Tbo  c 
of  methyl,  however,  gives  ue  a  colour  which  lies  beyond  pure  bloc, 
our  complex  product  being  the  important  blue-green  colouring  matter 
known  as  tho  "  Iodine  Green."  It  is  now  extensively  used  for  dyeing 
cotton  and  silk,' unci  owing  to  its  strong  blue  tingo  it  gives  a  great 
variety  of  shades  when  employed  in  combination  with  yellow.  This 
green  product  when  strongly  heated  splits  up  into  tie  compounds 
from  which  it  was  formed,  namely,  trimethyl-rosaniline  and  iodide  of 
methyl. 

There  is  still  another  aniline  green  which  is  now  very  extensively 
employed  for  calico  printing.  It  is  a  feeble  organic  base  producing 
crystalline  salts,  but  its  chemical  relations  have  not  been  fully  studied. 
It  is  known  commercially  as  "  Perkin's  Green." 

I  must  now  call  your  attention  to  a  red  colouring  matter,  which, 
like  the  mauve,  is  a  product  of  the  oxidation  of  aniline.  Its  shade  of 
colour  approximates  to  that  of  "  safflower  extract,"  the  colouring  matter 
of  tho  Carthamua  linctorius,  and  is  much  redder  than  magenta.  I  first 
obtoinod  this  product  several  years  a<;o,  but  only  in  small  quantities. 
Improved  methods  for  preparing  it  have  been  proposed,  and  it  is 
already  employed  to  a  limited  extent  in  the  arts.  It  is  commonly 
called  "Aniline  Pink."  It  is  also  known  as  "Safrnuine,"  but  this  name 
properly  belongs  to  the  colouring  matter  of  saffron.  I  am  at  present 
engaged  in  an  i nvist iijiili- ill  of  tlm  clicmicjil  nature  of  this  body,  and 
from  the  results  already  obtained,  I  conclude  that  it  contains  an 
organic  base  which  gives  crimson  solutions  with  acids  and  forms 
crystallizable  salts.  This  base  appears  to  be  composed  of  C„H„  N„ 
and  its  reactions  show  that  it  is  closely  related  to  manveine. 

Last  year,  M.  Clavel,  of  Baslo,  patented  a  process  for  producing 
a  new  colouring  matter  from  naphihidin,  or  rather  from  MfwWaMM 
or,  according  to  his  own  statement,  from  "  1111  isomer  of  naph thy  1  amine." 
This  process  consists  in  heating  together  equal  quantities  of  the 
"  isomeric  naph  thy  laminc,"  acetic  acid,  and  nitrite  of  potassium  to 
about  120°  C,  and  then  adding  iiaphthvlarnme,  the  temperature  being 
maintained  at  120°  0.  until  the  desired  colour  is  produced.  Whon 
purified,  the  product  is  a  beautiful  crimson  colour,  specially  adapted 
for  silk  dyeing. 

Several  years  ago,  Mr.  Church  and  myself  obtained  by  the  action 
of  nitrites  on  salts  of  naphthylamine  a  beautiful  crystalline  compound, 
called  <ao^in«}ihlhjl-<liiiiiiiw!,  consisting  of  two  molecules  of  napLthy- 
laminc  linked  together  by  an  atom  of  trivalont  nitrogen  occupying  the 
place  of  three  atoms  of  hydrogen.     Its  formula  may  be  written  thus : 

H 

N" 


This  substance  is  an  c 


,  giving  a  solution  of  an  orange- 
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yellow  colour,  and  producing  with  acids  various  suits,  some  of  which 
are  violet.  Now  I  find  that  M.  Clavel's  new  colouring  matter  can 
readily  ha  produced  from  this  azo-dinaphthyl-diamiue  hy  a  process 
which  appears  to  elucidate  its  chemical  nature  without  compelling  uh 
to  assume  the  existence  of  an  isomeric  naphthylaroine.  Ou  heating 
aao-dinaphthyl-diamiui)  with  tinllvurti  tmphthylamine  and  an  acid,  wo 
obtain  the  new  product  by  a  reaction  which  seems  to  be  analogous  to 
that  which  occurs  when  rosanilmo  is  boiled  with  aniline.  In  the  lattor 
case  we  know  that  phenyl  is  substituted  for  hydrogen,  and  there  ca 
be  little  doubt  that  the  reaction  we  are  now  considering  consists  i 
the  substitution  of  naphthyl  for  hydrogen,  the  product  being  azo-tri- 
nnphlhyl-tUtiviine,  which  may  bo  thus  formulated : 

C,0H,   I 

ST1 

_V  j-  — tr  i  ii»  |  •:  1 1  Iiy  l-<!  i^irn  I  j  >'-. 

This  new  dye  is  known  in  commerce  as  "  Magdala,"  On  boiling  our 
azo-dinaphthyl-diamine  with  aniline  we  obtain  another  red  colouring 
matter  which  is  probably  n:o-ph< iiyl-iVmu^hlhijl-fHaminc. 

The  aniline  pink  and  the  magdala  arc  characterized  by  a  remark- 
able fluorescenco  in  tbo  green  rays  of  the  spectrum. 

The  last  result  obtained  in  the  products  in  of  colouring  matters 
indicates  a  perfectly  new  line  of  research.  Nearly  all  the  coal-tat 
colours  contain  organic  bases  which  may  be  viewed  as  representatives 
of  ammonia,  but  the  discovery  referred  to  directs  our  attention  to 
products  of  a  different  el  ass—products  which  do  not  contain  nitrogen. 
This  discovery  derives  additional  importance  from  the  fact  that  it  is  a 
precedent  for  the  artificial  production  of  the  natural  colouring  matters. 
The  product  recently  obtained  is  in  fact  the  true  colouring  matter  of 
the  madder  root,  namely  "  Alizarine." 

Graebe  and  Lw  nermann  found  that  nascent  hydrogen  converted 
natural  alizarine  into  a  hydro- eft rbou,  which  proved  to  be  anthracene, 
one  of  the  coal-tar  products.  This  result  naturally  suggests!  nil 
attempt  to  produce  alizarine  from  anthracene  by  working  backwards, 
and  the  well-directed  labours  of  the  two  chemists  have  heeu  crowned 
with  success.  Several  years  since,  Dr.  Anderson  obtained  an  oxy- 
{.'cimtid  derivative  of  anthracene,  lumn:.'  the  composition  (.',,  Il„0„ 
and  now  called  aiithvakinimr..  On  treating  this  with  bromine,  Graebe 
and  Liebermann  olitainod  bihrumi>-iinihnikiui>nv,  having  the  formula 
Cu(Ii„Br,)0»,  and  this  compound,  when  digested  with  potash,  gave 
them  alizarine,  which  has  the  formula  C14H,0,.  I  may  remind  yon  that 
alizarine  is  one  of  our  most  important  colouring  matters,  being  exten- 
sively used  for  the  prixluction  of  Turkey  red,  and  our  lilac,  pink,  and 
chocolate  prints. 

I  have  given  you  a  briof  history  of  the  principal  artificial  colour- 
ing matters,  and  have  endeavoured   to  elucidate  the  constitution  or 
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structure  of  those  wbich  have  been  studied  by  chemists.  Though  tho 
beautiful  relation!  of  rninflmn  and  it*  deriwttTCtue  bow  very  evident, 
it  must  be  admitted  that  for  want  of  sufficient  data  we  are  compelled 
to  regard  many  of  our  colouring  matters  as  isolated  products.  Wo 
may,  however,  detect  some  slight  connecting  throw  Is  of  chemical  re- 
lationship between  all  tho  coal-tar  colours.  Thoy  may  bo  said  to  have 
ft  common  origin,  os  thoy  can  be  generally  described  as  phony  lie  deri- 
vatives. The  hydro-carbons  from  which  most  of  them  are  produced 
contain  the  radical  phenyl ;  thus  benzol  is  the  hydride  of  phenyl,  while 
toluol  may  be  regarded  as  a  compound  of  phenyl  and  methyl.  We  do 
not  find,  however,  that  those  and  other  substances  containing  phenyl  are 
colouring  matters,  but  tho  development  of  colour  seems  to  attend  the 
removal  of  hydrogen  from  phenyl.  Thus  in  rosouiline  and  mauveino 
we  appear  to  have  tho  radical  phenylem  C'c  II„  which  is  simply  phenyl 
deprived  (if  an  atom  of  hydrogon.  I  do  not  assert  that  this  particular 
radical  is  common  to  all  the  colonr-pi-ndm/iii^  Ibisis,  but  I  have  come 
to  the  conclusion  that  each  of  these  bases  contains  a  phenyl  residue, 
that  is  to  say,  phenyl  more  or  less  dehydrogenated.  The  natural 
colouring  matters  have  been  only  partially  studied,  but  sumo  of  them 
undoubtedly  contain  phenyl  residues.  We  thus  trace  a.  connection 
between  the  colours  produced  artificially  and  those  formed  in  the  labo- 
ratory of  nature. 

When  1  commenced  my  lecture,  I  referred  to  tho  rapid  advances 
of  applied  science.  The  history  of  the  production  of  artificial  colour- 
ing matters  is  a  striking  illur-tiati f  scientific  progress.      Tho  new 

industry  which  emerged  from  tho  lalwratory  only  thirteen  years  ago 
has  attained  such  vast  proportions,  that  its  present  annual  value  is 
computed  to  be  more  than  a  million  and  a  quarter.  Now  that  we  are 
beginning  to  produce  the  natural  colouring  matters  from  coal-tar,  it  is 
impossible  to  form  any  conception  of  the  ultimate  magnitude  of  this 
important  industry. 

[W.  H.  P.] 
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John  Peter  Gassiot,  Esq.  F.R.S.  Vice-President,  in  the  Chai 

H.  C.  Flbbktso  Jenkin,  Esq.  F.R.S. 

On  the  Submersion  and  Recovery  of  Submarine  Cable*. 

The  speaker  began  by  stating  that  his  object  was  to  explain  the  prin- 
ciples on  wbich  engineers  had  acted  in  laying  and  recovering  sub- 
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murine  cables,  rather  than  to  exhibit  the  details  of  tho  machinery 
employed. 

Tho  general  construction  of  electrical  cables  was  first  described  and 
specimens  were  shown ;  especial  attention  bring  drawn  to  tho  deep-sea 
French  Atlautic  cable,  consisting  of  the  following  parts : — A  copper 
conductor,  gutta-percha  insulator,  and  jute  serving,  surrounded  by  ten 
wires  of  homogeneous  iron,  each  served  with  five  Manilla  yarns 
saturated  with  tar. 

Table  L— Constui-Ction  of  Fhesch  Atlantic  Caele — Dt-/i-Sta  Section. 


Multilist  dmiula  (50)  .. 
Erich  Et-ivi.il  wire 

Cable 

Weight  of  cable  in  air  . 


Strength  ii 


1*13* 
l'H9  tons  per  knot. 
0-753 

Tf  tons. 


Table  No.  1  gives  the  dimensions,  weights,  and  strengths  of  eoc.li 
of  the  component  ports.  The  wife  HW  with  hi-inp  will  bear  a  greater 
weight  than  the  sum  of  the  weights  borne  separately  by  the  wire  and 
the  strands  ;  and,  again,  the  ten  served  wires,  when  formed  into  a  rope, 
bear  a  greater  weight  than  the  sum  of  tho  weights  which  each  will  bear. 
Moreover,  while  the  homogeneous  iron  elongates  loss  than  one  per 
cent,  before  breaking  and  the  hemp  elongates  only  01 75  percent.,  the 
two  combined  stretch  three  per  cent.  This  paradoxical  result  is  duo 
to  want  of  absolute  uniformity  in  the  strength  of  each  part;  when 
separate,  each  breaks  at  the  weakest  point;  when  combined,  the 
weakest  points  seldom  coincide ;  hence  the  strength  of  the  combination 
is  the  sum  of  the  moan  strengths  of  the  iiarts,  necessarily  greater  than 
tho  sum  of  the  minimum  strengths. 

The  so-called  spiral  or  helical  form  does  not  really  render  the 
cable  elastic  or  liable  to  stretch,  nor  does  it  compress  the  core  inside 
the  sheathing,  as  was  shown  by  an  experiment  whero  the  core  was 
actually  withdrawn  without  causing  the  collapse  of  tho  sheathing. 

The  manner  of  coiling  tho  cable  on  board  ship  was  explained  by 
diagrams  and  modols  ;  it  being  shown  that  in  order  to  avoid  putting  a 
twist  into  the  rope  when  taking  it  out  of  the  hold,  it  was  necessary  to 
put  a  twist  in  when  coiling  it  away.  Bad  coiling  produces  kinks  or 
loops  drawn  tight,  which  arc  avoided  by  a  cone  filling  tho  eye  of  the 
coil,  and  by  rings  or  equivalent  arrangements  preventing  tho  bight  as 
drawn  out  of  tho  hold  from  lashing  out  under  the  influence  of  centri- 
fugal force. 

Tho  following  lalih-  giws  tin  dinn -unions  and  contents  of  the  Great 
Eastern  tanks  as  arranged  for  tho  Atlantic  expedition.     These  tanks 
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keep  tlie  cablo  under  water  on  board  ship  to  facilitate  the  electrical 

tests.     They  carry  a  weight  of  5000  tons,  in  a  bulk  of  180,000  cubic 

feet,  the  tanks  not  beiug  filled  quite  to  the  top. 

Table  II, 

muncwr.  Deplb.  Cable  kn.itt. 

Fore  tank     ..      ..     51  ft.  S  in.     ..     50  ft  (!  in,     ..       728 

Main  tank    ..      ..     75  ft.  0  in.     ..     luft.liin.     ..     1100 

After  lank    ..      ..     58  ft.  0  in.     ..     MB  ft.  (Jin.     ..       912 


weight  and   size,   these   I 
of  the  whole  bulk  of  the  C 


1 


Notwithstanding  their   ( 
occupy  a  Tory  insignificant  proportio 
Eastern. 

Mr.  C.  W.  Siemens  has  for  light  cables  employed  a  sort  of  reel  or 
drum  on  a  turn-tablo  with  partial  success,  instead  of  tho  fixed  tank 
and  coil. 

From  tho  tank  the  cable  when  paid  out  passes  over  a  pulley  and 
along  a  trough  to  the  break  drum,  the  object  of  which  is  to  restrain 
the  froo  exit  of  the  cable  to  such  an  extent  as  ia  desired. 

The  cable  in  laid  hold  of  by  being  passed  several  times  round  a 
rlrnm,  aa  a  rope  making  fast  a  vessel  may  be  seen  to  be  passed  round 
a  bollard ;  the  friction  allows  a  slight  strain  at  one  end  to  prevent  a 
vory  heavy  pull  at  tho  other  end  from  causing  the  rope  to  slip  round 
the  drum.  The  slight  pull  at  what  may  lie  called  the  light  end  of 
tho  Tope  is  given  by  a  series  of  jockey  pulleys  which  play  the  part 
of  tho  hand  when  tho  rope  is  allowed  to  slip  round  a  bollard,  but  in 
paying  out  a  cable  the  rope  does  not  slip  round  tho  drum;  the  drum 
itself  turns  round  restrained  by  a  friction  band  or  belt. 

ft  is  essential  that  this  restraining  friction  should  be  constant ;  a 
result  attained  by  the  Appold  Break,  which  was  explained  by  models 
and  diagrams.  In  this  arrangement  both  cuds  of  tho  break  strap  are 
attached  to  one  lever  in  such  a  manner  that  when  tho  drum  begins  to 
turn  it  tends  to  lift  the  lever  and  weight  hanging  to  it,  and  as  tho 
lover  is  lifted  it  slackens  the  break  strap  until  the  difference  of 
tension  on  the  two  ends  of  tho  strap  is  (^qual  to  the  weight  hanging 
on  the  lever.  When  this  is  the  case,  the  lever  is  no  longer  lifted, 
but  romains  stationary  with  tho  strap,  allowing  the  drum  to  turn, 
restrained  by  a  constant  friction  equal  U>  the  weight  on  the  lever.  If 
the  coefficient  of  friction  increases,  the  lever  will  be  a  little  more- 
lifted  and  tho  strap  slackened  ;  if  the  coefficient  of  friction  diminishes, 
tho  lever  and  weight  will  fall,  tightening  tho  strap  ;  but  in  any  ease 
tho  retarding  force  will  be  simply  equal  to  the  woight. 

From  the  break  drum  the  rope  dips  under  a  weighted  pulley, 
which  rides  as  it  were  suspended  on  a  V  of  taut  cable ;  if  the  strain 
increases,  the  rope  straightens,  and  raises  the  pulley;  if  the  strain 
diminishes,  tho  Weight  and  pulley  fall ;  thus  tho  height  of  the  pulley 
indicates  tho  strain.  This  instrument  is  called  the  dynamometer. 
Lastly,  tho  rope  passes  over  a  pulley  into  the  sea. 

Having  shown  how  tho  cable  was  treated,  the  speaker  proceeded 
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to  show  how  the  strains  to  be  expected  could  be  calculated.  A  cable 
paid  out  in  sir  hangs  in  a  catenarian  curve,  but  in  water  lies  in  a 
straight  line,  and  the  strains  in  the  two  cases  are  wholly  different. 
In  air  the  rope  meets  with  no  sensible  obstacle  to  its  motion  either 
longitudinally  or  in  a  direction  perpendicular  to  its  own  length ;  in 
water,  on  the  contrary,  each  foot  of  a  cable  meets  with  an  opposition 
to  its  motion  perpendicular  to  its  length,  which  we  may  call  q,  and 
for  the  Atlantic  cable 

q  =  0-154  i?*, 

where  v  is  the  velocity  of  the  cable  normally  to  its  own  length  in 
feet  per  second.  Thus,  as  the  cable  weighs  0  *  2575  lb.  per  foot,  it 
cannot  sink  faster  than  the  speed  given  by  the  equation 

0-2575  =  0-154  vx\ 

from  which  t>„  the  settling  velocity,  is  found  to  be  1  *  294  foot  per 
second,  or  0  *  765  knot  per  hour. 

The  result  of  this  resistance  to  displacement  is  that  the  cable  lies 
in  a  straight  line,  not  in  a  catenary  curve,  supported  as  it  were  by  an 
inclined  plane  of  water  constantly  yielding  at  the  velocity  i\. 

The  inclination  of  the  straight  line  depends  on  the  velocity  of  the 
ship  and  on  t\  not  being  at  all  affected  by  the  tension  of  the  rope. 

The  angle  <p  at  which  the  cable  will  lie  may  be  calculated  as 
follows.  Let  P  be  the  resistance  of  the  water  to  displacement  by 
each  foot  of  the  cable  of  the  weight  oo  when  lying  at  the  angle  <pt 

P  =  w  cos.  <p  ; 

let  vn  be  the  velocity  at  which  the  cable  moves  perpendicularly  to 
itself, 

vn  =  v  sin.  (py 
where  v  is  the  velocity  of  the  ship. 

Also  P  =  co  v-^-; 


i.                 ^      fa*      i?  sin.*  <b 
hence  cos.  p  =  —  J  =   %  — r: 


V  "i 


andt,l=  IL^bl; 1° 

*J  cos.  <p 

and  assuming  that  the  resistance  is  proportional  to  the  square  of  the 

velocity,  we  have  w  =  q  vf,  and  hence  -  =  —  ???  ? ,  or 

q       cos.  <p 

CV  COS.  0      m  ,  .   »  , 

— i  ~  — -r  ,  from  which  we  have 
qtr      sin.  0 

J  «•  + ^4  m*         —  (jo  do 

COR.  <L  =  -  -    • ** 

y  2m 

where  m  =  qt;*. 

From  this  formula,  as  indeed  from  common  sense,  it  appears 
that  the  greater  the  value  of  q  and  of  v,  the  smaller  the  inclination 


578  Professor  Fleeming  Jen  tin  on  the  [May  21, 

with  the  horizon.  Thorough  Atlantic  cable,  when  the  ship  was  going 
at  the  speed  of  six  knots  per  hour,  lay  at  an  angle  of  6J",  §o  that  the 
inclined  plane  wan  seventeen  miles  long,  and  each  foot  of  the  cable 
took  nearly  three  hours  to  reach  tho  bottom. 

The  strain  T  at  the  top  of  the  inclined  plane,  if  there  were  no 
friction  preventing  the  rope  from  slipping  back  along  the  plane, 
would  be  equal  to  the  weight  of  a  piece  of  cable  hanging  plumb  from 
the  surface  of  the  water  to  the  bottom,  or 

Tmtem, 
where  to  is  the  weight  per  foot  run  of  tho  cable  and  x  is  the  depth  in  feet. 

But  there  is  a  sensible  friction  which  helps  to  relieve  the  strain 
precisely  as  whon  ft  chain  is  lying  on  a  solid  inclined  piano  ;  calling  ni, 
tho  coefficient  of  friction  in  lbs.  per  foot  length  of  cable  at  tho  velocity 
v  in  feet  per  second,  and  assuming  that  m,  =  c^  iJ,  tho  experiment  of 
the  Atlantic  cable  showed  that  q*  =  ■  00504  (this  is  equivalent  to 
0'81  cwt.  per  knot  of  cable  when  slack  is  paid  out  at  tho  rate  of  one 
knot  per  hour).  The  result  is,  that  when  slock  is  puid  <mt,  say  at  the 
rate  of  1  knot  per  hour,  and  when  a  =  6'45'~,  the  strain  is  diminished 
by  one-half,  and  if  slack  were  paid  out  at  the  roto  of  1  -4  knot  per 
hour,  or  23i  per  cent.,  this  particular  cable  would  require  no  retarding 
force  whatever. 

The  strain  T„  when  the  velocity  of  the  cablo  is  r,,,,  can  be  found 
from  the  following  formula  r 


(5»  _  oo..  ty 


Ik 


Cables  of  light  specific  gravity  have  a  small  settling  velocity  and  lie 
at  great  length  in  the  water,  and  if  they  are  also  rough,  tho  ctwifficicnt 
qi  may  easily  be  so  groat  as  to  relieve  the  break  of  most  of  the  strain 
which  would  bo  necessary  to  lay  a  cable  of  equal  weight  but  small 
bulk  and  smoother  surface,  with  tho  same  amount  of  slack.  If  no 
slack  wcro  laid  there  would  bo  little  difference  between  the  tension 
required  for  cables  of  different  ooBstrae&ti  but  of  equal  weights  in 
water.  When  much  slack  is  laid,  all  cables  will  be  considerably  less 
strained  than  if  laid  without  slack;  and  finally,  the  faster  the  ship 
goes  the  Ickh  slack  is  required  to  produce  any  given  amount  of  relief. 

The  correctness  of  the  above  theory  has  been  amply  proved  in 
practice.  Kin  seas  9  miles  deep  the  cable  hung  in  a  catenary  12  j  miles 
long,  the  wrijdit  to  bo  carried  would  be  8J  tons,  and  tho  strain  on  the 
cable  29  tons  ;  while  if  the  cablo  hung  in  a  catcufii'v  tin;  iin-lination  of 
which  to  tho  horizon  at  tho  stern  was  9D  30',  the  length  would 
be  24  miles,  the  weight  17  tons,  and  the  strain  102  tons  instead  of 
about  14  cwt. — the  strain  actually  observed  for  the  Atlantic  cable 
whon  being  paid  out  at  7  knots  per  hour  while  the  ship  was  going  at 
6  knots  per  hour.     The  rise  and  fall  of  the  ship,  even  in  heavy 

L  weather,  very  slightly  affects  tho  strain  while  paying  out,  on  account 
of  the  alight  inclination  of  the  cable  to  tho  horizon. 
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The  margin  of  strength  in  deep-sea  cables  of  the  Atlantic  type  is 
oven  greater  than  is  given  in  most  Kutriin.-t-rina  works,  since  the  cable 
will  bear  tenfold  thu  strain  which  is  found  uueossory  hi  loying. 

The  process  of  grappling  was  neit  described,  and  the  operation 
illustrated  by  dragging  a  miniature  grapnel  over  the  floor,  bo  as  to 
hook  a  chain  lying  there.  When  the  cable  is  hooked,  the  strains  on 
the  gmptiel  rope  are  simply  the  weights  of  the  bight  lifted,  and  the 
length  of  this  bi.L'ht  depends  on  the  slack.  Thus  with  14  per  cent,  of 
slack  the  length  of  the  cable  lifted  will  lie  4  ■  89  times  the  depth  to  which 
it  is  raised.  Thus  in  2  miles  of  water  about  9  ■  8  miles  of  eable  will  be 
lifted,  the  weight  on  thu  grapnel  will  be  6' 86  tons,  hut  the  strain  on 
the  cable  will  be  only  one  component  of  this  weight  resolved  in  tho 
direction  of  the  tangent  to  tho  curve  at  tho  grapnel ;  this  strain  will 
be  5-5  tons.  Thus  it  is  clear  that  in  calm  weather,  with  It  per  cent- 
slack,  the  cable  can  be  lifted  from  a  depth  of  two  miles.  This  was 
actually  done  upon  one  occasion ;  but  owing  to  pitching  of  the  ship 
the  cable  parted,  and  was  successfully  rocovored  by  the  obvious  device 
of  grappling  the  cable  in  two  points  about  '2  J  knots  apart,  and  breaking 
the  cable  at  the  poiut  furthest  from  land ;  the  loose  end  then  hung 
down  over  the  Other  grapnel,  and  it  is  obvious  that  by  this  plan  the 
strain  on  any  cable  in  any  depth  can  be  limited  to  the  simple  weight 
of  a  length  of  cable  hanging  from  the  surface  to  tho  bottom.  The 
Atlantic  cables  will  boar  fire  times  the  strain  duo  in  this  manner  to 
2  miles  of  depth,  and  for  this  operation  tho  margin  of  strength  is  also 
ample.  The  cable  is  hauled  in  by  machinery  very  similar  to  that 
adopted  for  paying  out ;  the  drum  being  dimply  turned  in  the  opposite 
direction  by  a  steam  engine,  if  only  a  small  length  is  to  bo  picked  up. 
If  many  wiles  are  required,  the  cable  is  transferred  t>  the  bow,  and 
hauled  up  by  a  double  drum  to  avoid  the  floeting  necessary  on  a  single 
drum.  Tho  friction  of  tho  water  during  this  operation  adds  to  the 
strain  :  thus  with  the  value  of  q,  previously  found,  at  1  mile  per  hour 
the  friction  per  mile  would  be  0  81  ewt..  adding  in  a  depth  of  2  miles 
1  "61  cwt.  to  tho  strain  due  to  the  simple  weight :  l^csides  this  there 
is  some  resistance  due  to  the  displacement  of  the  water  by  the  bight 
of  tho  ropo  at  tho  bottom,  and  some  extra  weight  due  to  the  fact  that 
the  cable  hangs  in  a  catenary,  not  in  a  straight  line.  The  length  of  this 
catenary  depends  on  the  rate  ut  which  the  cable  is  hauled  through  the 
water ;  but  oven  after  allowing  for  all  these  things,  tho  strength  of 
the  cable  is  from  three  to  four  times  greater  than  the  strain  which  in 
fair  weather  neod  como  on  the  cable  when  being  picked  up  from  a 
depth  of  2  miles  ;  a  margin  of  strength  not  unfrcqueutly  adopted  even 
in  permanent  Engineering  works. 

It  was  by  calculations  like  these  that  before  tho  18G5  cable  had 
boeu  recovered  in  1866,  the  speaker  was  able  to  write  hi  '  The  Times  ' 
of  August,  1865, "  If  tho  cable  retain  its  strength,  as  it  probably  will, 
it  can  certainly  bo  raised ; "  and  now  that  experience  has  confirmed 
theory,  engineers  are  justified  in  looking  forward  with  great  confidence 
to  tho  continued   prosperity  and  extension  of  deep-sea  tolegraphy. 
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The  following  tables  give  some  further  information  as  to  the  French 
Atlantic  cable  about  to  be  laid,  which  will  cover  50  acres  of  ground, 
being  a  narrow  strip,  3564  knots  long,  and  a  little  more  than  an  inch 
wide. 

Table  III. — Lengths  and  Weights  of  Materials  used  in  Fbench 

Atlantic  Cable. 

Knots.  Tons. 

Copper  wire       24,948         ..      ..  533 

Gutta-percha     3,564         ..      ..  549 

Jute  serving       —            ..      ..  500 

Homo,  wire        27,222         ..      ..  1872 

Iron  wire 9,941         ..      ..  2855 

Total  iron  and  homo,  wires     ..        37,163         ..      ..  4727 

Manilla  strand*         136,110         ..      ..  1286 

Clark's  compound      881         ..      ..  652 

Deep-sea  cable 2,643         ..      ..  4366 

Shallow- water  cable 921         ..      ..  3881 

Total  cable        3,564         ..      ..  8247 

Table  IV. — Lengths  op  Existing  Cables. 

Knots. 

Atlantic  (two)         3748 

Malta,  Alexandria  (two)        2254 

Persian  Gulf 1308 

Homo  seas        1277 

Miscellaneous  (approximate)         1350 

Total 9937 


[EL  C.  F.  J.] 


WEEKLY  EVENING  MEETING, 
Friday,  May  28,  1869. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.RJ5.  President, 

in  the  Chair. 

J.  Norman  Lockyer,  F.R.S. 

On  Recent  Discoveries  in  Solar  Physics  made  by  means  of  the 

Spectroscope. 

In  the  year  1865  two  very  important  memoirs  dealing  with  all  the 
telescopic  and  photographic  observations  accumulated  up  to  that  time 
on  the  subject  of  solar  physics  were  given  to  the  world.  One  of  them 
was  privately  printed  in  this  country,  the  other  appeared  in  the 
( Compte  Rendu '  of  the  Paris  Academy  of  Sciences. 

I  shall  not  detain  you  with  a  lengthened  notice  of  these  remark- 
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able  papers.  I  shall  merely  refer  tu  the  explanation  given  in  both  of 
them  of  the  reason  that  a  sun -spot  appears  dark — the  very  keystone 
of  any  hypothesis  dealing  with  the  physical  constitution  of  the  sun. 

English  science,  represented  by  Messrs.  Do  la  Hug,  Stewart,  and 
Louwy,  said  that  a  spot  is  duk  because-  the  solar  light  is  absorbed  by 
a  cool,  nou-lmn:]i<>us,  absorbing  uliiii.sphiii'.  pouring  down  there  on 
to  the  visible  surface  of  the  son,  in  other  words,  on  to  the  photo- 

French  science,  represented  by  M.  Faye,  said  that  a  spot  is  dark 
because  it  is  a  hole  in  the  photosphere,  and  the  feebly  luminous  and 
therefore  radiating  interior  gases  of  the  sun  are  there  alone  visible. 

Now  most  of  yon  will  see  in  a  moment  that  hero  was  a  clear  issue, 
which  probably  the  spectroscope,  and  possibly  nothing  else,  could 
solve  ;  for  the  spectroscope  is  an  instrument  whose  special  metier  it  is 
to  deal  with  radiation  and  absorption.  It  tells  us  that  the  light 
radiated  from  different  bodies  gives  us  spectra  of  different  kinds, 
according  to  the  nature  of  the  radiating  body, — continuous  spectra 
without  bright  lines  in  the  case  of  solids  and  liquids,  and  bright 
lines,  with  or  without  continuous  spectra,  in  the  case  of  gases  and 
vapours.  It  tells  us  also  that  absorption  dims  the  spectrum  through- 
out its  length  when  the  absorption  is  general,  and  dims  it  here  and 
there  only  when  the  absorption  is  eeieclii-e,  the  well-known  Fraunhofcr 
lines  being,  as  you  will  readily  see,  au  instance  of  the  latter  kiud. 
So  that  we  have  general  and  selective  radiation,  and  general  and 
selective  absorption. 

Now  then,  with  regard  to  the  English  theory,  if  there  were  more 
absorption  in  a  spot  than  elsewhero,  we  might  expect  evidences  of 
absorption  ;  that  is,  the  whole  solar  spectrum  would  be  visible  in  the 
spectrnm  of  a  spot,  but  it  would  bo  dimmed,  either  throughout  the 
length  of  the  spectrum  or  in  places  only. 

With  regard  to  tho  French  theory,  radiating  only  gaseous  matter 
to  deal  with,  we  should,  according  to  the  then  generally  received  idea, 
get  bright  lines  only  in  the  spot  spectrum. 

Here  then  was  a  tempting  opportunity,  and  onewhich  I  considered 
myself  free  to  use ;  for,  although  the  Electroscope  had  then  been 
employed — and  you  all  know  how  nobly  employed — for  four  years  in 
culling  secrets  from  stars  and  nebulas,  there  was  not,  so  far  as  I  know, 
either  published  or  unpublished  observation  on  the  sun,  the  nearest 
star  to  us.  The  field  was  therefore  open  for  me,  and  I  was  not 
entering  into  another  man's  labour,  when,  on  the  -1th  of  March,  18GG, 
I  attached  a  small  spoctroscopo  to  my  telescope,  in  order  to  put  the 
rival  theories  to  a  test,  and  thus  bring  another  power  to  bear  on  a 
q  new  tit  in  which  had  remained  a  puzzle  since  it  was  first  started  by 
Galileo  sonio  two-and-lialf  centuries  ago. 

What  I  saw  I  will  describe  more  fully  by-and-by.     It  is  sufficient 
here  to  mention  that  it  was  in  favour  of  the  English  theory, 
ten*  abundant  evidence  of  absorption  in  the  spots,  and  there 
any  indication  of  gaseous  radiation. 
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Having  thon  thus  Bpoctroscopically  broken  ground  on 
A  very  natural  inquiry  was  how  next  to  employ  tin's  extension  of  a 
method  of  research,  tho  discovery  of  which  Newton  hud  culled,  nearly 
two  hundred  ycurs  beforo,  "  the  oddest,  if  not  the  most  considerable, 
detection  which  hath  hitherto  been  made  in  the  operations  of  nature." 

There  socni.  .1  una  question  which  the  spectroscope  should  now  put 
to  tho  sua  above  all  others,  and  it  was  this  : — 

"  Assuming  this  absorbing  atmosphere  to  eneirclo  the  BUn,  in 
accordance  with  the  gouerul  idea  aud  Kirchhofl'shypothesis,  what  are 
those  strange  rod  flames  soon  apparently  in  it  at  total  eclipses,  jutting 
here  and  there  from  beyond  the  sun's  hidden  periphery,  and  hero 
again  hanging  cloudlike?" 

Tho  tremendous  atmosphere,  which  apparently  the  spectroscope 
had  now  proved  to  bo  a  cool  absorbing  one,  was  supposed  to  be 
indicated  Soring  ee&jnee  by  ■  halo  at  light  called  tho  "Corona,"  in 
which  corona  the  red  flames  are  visible.  Now,  as  the  red  flames  are 
always  observed  to  give  out  more  light  than  the  corona,  they  were 
probably  hotter  than  it ;  and  reasoning  thus  on  tho  matter  with  my 
friend  Dr.  Balfour  Stewart  one  day,  we  etitne  to  the  conclusion  that 
they  woro  most  probably  musses  of  glowing  gas. 

Now,  this  being  so,  the  spectroscope  amid  help  us,  and  in  this 

The  light  from  solid  or  liquid  bodies,  as  you  all  I  am  sure  know, 
is  scattered  broadcast,  so  to  speak,  by  the  prism  into  a  long  band  of 
light,  called  a  continuous  spectrum,  because  from  one  end  of  it  to 
the  other  the  light  is  persistent. 

Tho  light  from  gusoous  and  vaporous  bodies,  on  tho  contrary,  is 
most  brilliant  in  a  few  channels ;  it  is  limliiii'-Jni,  and,  instead  of  being 
scattered  broadcast  over  a  long  band,  is  limited  to  a  few  lines  i:  " 
baud — in  some  cases  to  a  very  few  lines. 

Hence,  if  wo  have  two  bodies,  one  solid  nr  liquid  and  the  other 
guseous  or  vnponms,  which  give  out  exactly  equal  amounts  of  light, 
then  the  bright  lines  of  the  latter  will  be  brighter  than  those  ports 
of  tho  spectrum  of  the  other  to  which  they  correspond  in  colour  e 
rofrangibility. 

Again,  if  tho  gaseous  or  vaporous  substance  gives  out  but  few 
lines,  then,  altlmii^li  ilf  light  which  emanate*  from  it  may  be  much 
less  brilliant  than  that  radiated  by  a  solid  or  liquid,  tho  light  may  be 
bo  localized,  and  therefore  intensified,  in  one  case,  and  so  spread  ont, 
and  therefore  diluted,  in  the  other,  that  the  bright  lines  from  t' 
feeble  light  source  may  in  the  spectroscope  appear  much  brighter  tL 
the  corresponding  parts  of  the  spectrum  of  the  mi.ro  lustrous  solid 
body.  Now  here  comes  a  very  important  point :  supposing  the  c 
tiiiuous  spectrum  of  a  solid  or  liquid  to  be  mixed  with  the  disconti- 
nuous spectrum  of  a  gas,  we  can,  by  increasing  tho  number  of  prisms 
in  a  Bpeotroscope,  dilute  tho  continuous  spectrum  of  the  solid  < 
liquid  body  very  much  indeed,  and  tho  dispersion  will  not  si 
reduce  the  brilliancy  of  tho  lines  given  out  by  tho  gas ;  as  a  o 
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quence,  the  more  dispersion  wo  employ  the  brighter  relatively  will 
the  linos  of  the  gaseous  spectrum  appoar. 

The  reason  why  we  do  not  sec  the  prominences  every  day  in  our 
telescopes  is  that  they  aro  put  out  by  the  tremendous  brightness  of 
our  atmosphere  near  the  Him,  a  brightness  due  to  the  fact  that  the 
particles  in  the  atmosphere  reflect  to  us  the  cmtimnms  solar  spectrum. 
Thero  is,  as  it  were,  a  battle  between  the  light  proceeding  from  the 
prominences  and  the  light  reflected  by  the  atmosphere,  and,  except  in 
eclipses,  the  victory  always  remains  with  the  atmosphere. 

You  will  see,  however,  in  a  moment,  after  what  I  have  said,  that 
there  was  a  possibility  that  if  we  could  bring  a  spectroscope  on  the 
field  we  might  turn  the  tide  of  battle  altogether,  assuming  the  pro- 
minences to  be  gasoous,  as  the  reflected  cuiitininms  spectrum  might  bo 
dispersed  almost  into  invisibility,  the  brilliancy  of  the  prominence 
lines  scarcely  Buffering  any  diminution  by  the  process. 

The  first  attempt  was  made  in  18G6,  a  Ilerschel-  Browning  spectro- 
scope being  attached  to  my  telescope,  and  the  first  and  many  suc- 
ceeding attempts  failed  ;  there:  was  not  dispersion  enough  to  dilute 
the  spectrum  of  the  regions  near  the  sun  sufficiently,  and  as  a  conse- 
quence the  tull-hdi.!  linen  still  remained  veiled  and  invisible.  Nature's 
secrets  were  not  to  bo  wrested  from  her  by  a  coup  ih  main. 

The  year  1868  brought  us  to  the  now  famous  eclipse,  to  soo  which 
scientific  men  hastened  from  all  civilized  Europe  to  India.  To  this 
eclipse  and  its  results  I  need  only  refer,  as  they  have  already  boon 
dwelt  on  at  some  length  in  this  theatre  ;  suffice  it  to  say  that  in  the 
eclipse  the  spectroscope  did  its  duty,  and  that  the  gaseous  nature  of 
the  prominencos  was  put  beyond  all  question. 

But  there  was  a  magnificent  pendant  to  the  eclipse,  to  which  I 
must  request  your  special  attention.  One  of  the  observers,  M. 
Janssen — a  spectroscopist  second  to  nono — the  representative,  in  that 
peaceful  contest,  of  the  Academic  dea  Sciences  and  of  the  Bureau  des 
Longitude*,  was  BO  struck  with  the  brightness  of  the  prominences 
rendered  visible  by  the  eclipse  that,  as  the  sun  again  lit  up  the  scone, 
and  the  prominences  disappeared,  he  exclaimed,  "  -'•■  ri-ri'rnii  it*  Vtjnrn 
laV;  and,  being  prevented  by  clouds  from  putting  his  design  into 
execution  that  same  day,  he  rose  next  morning  long  before  tho 
sun,  and  as  soon  as  onr  great  luminary  bad  risen  from  a  bank  of 
vapours,  ho  succeeded  in  obtaining  spectroscopic  evidence  of  the 
protuberances  he  hail  seen  surrounding  the  eclipsed  sun  the  day 
before.  During  the  eclipse  M.  Janssen  had  been  uncertain  even 
as  to  tho  numbor  of  lines  he  had  observed,  but  be  now  by  this  new 
method  at  bis  leisure  determined  that  the  prominences  were  built  up 
of  hydrogen,  this  fact  being  indicated  by  the  presence  of  two  bright 
lines  corresponding  to  the  dark  lines  C  and  F  in  the  ordinary  solar 
spectrum. 

Let  me  show  you  bow  this  result  was  accompli  shed,  by  throwing 
an    enlarged  photograph  of  my  telescope  nnd  spectroscope  on  the 
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Bcreen.  We  have  first  the  object-glass  of  the  telescope  to  collect  tbe 
sun's  rays  and  to  form  an  imago  of  the  sun  itself  on  a  screen.  In 
this  screen  is  an  excessively  narrow  slit,  tlirongh  which  alone  light 
can  reach  the  spectroscope.  This  entering  beam  is  grasped  by 
another  little  object-glass  ami  transformed  into  a  cylinder"  of  light 
containing  rays  uf  all  colours,  which  is  now  ready  for  its  journey 
through  the  prisms.  In  its  passage  through  them  it  is  torn  by  each 
ding  prism  more  out  of  its  path,  till  at  last,  on  emerging,  it 
3  the  path  it  took  on  entering,  and  enters  the  little  telescope 
you  see,  thoroughly  dismembered  but  not  disorganized. 

Instead  now  of  a  cylinder  of  light  containing  rays  of  all  colours, 
we  have  a  cylinder  of  each  ray  which  the  little  telescope  compels  to 
paint  on  image  of  the  slit.  Where  rays  are  wanting,  the  image  of  the 
slit  remains  unpointed— we  get  a  black  line  ;  and  when  the  telescope 
is  directed  to  the  sun,  so  that  the  narrow  slit  is  entirely  within  the 
image  of  the  sun,  we  get  iu  the  field  of  viow  of  the  littlo  tolescopo  a 
glorious  coloured  band  with  these  dark  lines  crossing  it. 

Of  course  it  is  necessary  for  our  purpose  to  allow  only  the  edge  of 
the  sun  to  fall  on  the  slit,  leaving  apparently  a  large  portion  of  the 
latter  unoccupied.  What  is  seen,  therefore,  is  a  very  narrow  band  ia 
the  field  of  view  of  the  little  telescope,  and  a  large  space  nearly  dark, 
as  the  dispersion  of  the  instrument  is  so  great  that  the  atmospheric 
light  is  almost  entirely  got  rid  of,  for  a  reason  you  are  already 
acquainted  with. 

Mr.  Ladd  will  now  show  yon  on  the  screen  what  is  seen  when  the 
slit  reaches  a  prominence.  First  a  line  in  the  red,  very  obvious  and 
brilliant,  next  a  more  delicate  line  in  the  yellow,  then  another  in  the 
green,  and  two  others  in  the  violet ;  all  these  lines,  with  the  exception 

"  b  yellow  lino,  are  iu  the  positions  occupied  by  known  linos  of 


As  the  height  of  these  bright  lines  must  vary  with  the  height  of 
the  prominences,  aud  as  the  lines  will  only  be  visible  where  there  is 
any  hydrogen  to  depict,  it  is  obvious  that  the  form  of  the  prominences 
may  bo  determined  by  confining  the  attention  to  one  line,  and  slowly 
sweeping  tho  slit  over  it. 

The  first  fruits  then  of  this  new  method  of  working  with  an  un- 
eclipsed  sun  was  to  tell  us  the  actual  composition  of  the  prominences, 
and  to  enable  us  to  determine  their  shapes  and  dimensions. 

For  the  next  steps  you  must  permit  me  to  refer  nioro  particularly 
to  my  own  observations. 

When  I  was  first  able  to  obtain  results  in  this  country  similar  to 
those  previously  obtained  by  M.  Janssen,  though  unknown  to  us,  my 
instrument  wan  incomplete;  when  other  adjustments  had  been  added 
by  Mr.  Browning,  I  found  that  at  whatever  part  of  the  sun's  edge  I 
looked  I  could  not  get  rid  of  tho  newly  discovered  lines.     They  wore 
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not  so  long  as  I  had  seen  them  previously,  but  there  they  were,  not  tn 
be  extinguished,  showing  thnt  for  sonio  5000  miloB  in  height  all  round 
the  sun  there  was  an  envelope  of  which  the  prominences  were  but  the 
higher  waves.  This  envelope  I  named  the  "  Chromosphere,"  as  it 
is  the  region  in  which  all  the  variously  coloured  effects  are  seen  in 
total  eclipses,  and  because  I  considered  it  of  importance  to  distin- 
guish between  its  discontinuous  spectrum  and  the  continuous  one  of 
the  photosphere.  And  now  another  fact  came  out.  The  bright  line 
F  took  the  form  of  an  arrow-head,  the  dark  Fraunbofer  line  in  the 
ordinary  spectrum  forming  the  shaft,  the  corresponding  chromospherio 
line  forming  the  head ;  it  was  broad  close  to  the  sun's  edge,  and 
tapered  off  to  a  fine  point,  an  appoaronco  not  observed  in  the  other 

Nature  is  always  full  of  surprises,  and  here  was  a  surprise  and  a 
magnificent  help  to  further  inquiry  lurking  in  this  line  of  hydrogen! 
MM.  Plilcker  and  Hittorf  had  already  recorded  that,  under  certain 
conditions,  the  green  lino  of  hydrogen  widened  out;  and  it  at  once 
struck  me  that  the  "  arrow-head  "  was  nothing  but  an  indication  of 
this  widening  out  as  the  sun  was  approached, 

I  will  now,  then,  for  one  moment  leave  the  observatory  work  to 
say  a  word  on  some  results  recently  obtained  by  Dr.  Franhland  and 
myself,  in  the  researches  on  tho  radiation  and  absorption  of  hydrogen 
and  other  gases  and  vapours,  upon  which  we  have  for  some  time  been 


First,  as  to  hydrogen,  what  could  laboratory  work  loll  us  about 
the  chromosphere  and  the  prominences  ? 

It  was  obviously  of  primary  importance — 

1.  To  determine  the  cause  to  which  the  widening  of  tho  F  lino 
was  due. 

2.  To  study  the  hydrogen  spoctrum  very  carefully  under  varying 
conditions,  with  a  view  of  detecting  whether  or  not  there  existed  a 
line  in  the  orange. 

We  soon  came  to  the  conclusion  that  the  principal,  if  not  the  only 
cause  of  tho  widening  of  tho  F  line  was  presture. 

Having  determined,  then,  that  tho  phenomena  presented  by  the  F 
line  were  phenomena  depending  upon  and  indicating  varying  pressures, 
we  were  in  a  position  to  determine  the  atmospheric  pressure  ope- 
rating in  a  prominence,  in  which  the  red  ami  green  lines  are  nearly  of 
equal  width,  and  in  the  chromosphere,  through  which  the  green  line 
gradually  expands  as  the  sun  is  approached. 

With  regard  to  tho  higher  prominences,  we  have  obtained  evidence 
that  the  gaseous  medium  of  which  they  aro  composed  exists  in  a  con- 
dition of  excesgive  tenuity ;  and  that  even  at  tho  lower  surface  of  tho 
chromospbero,  that  is,  on  the  sun  itself,  in  common  parlanco,  the 
pressure  is  very  fiir  below  tho  pressure  of  tho  earth's  atmosphere. 

Now  I  need  hardly  point  out  to  you  that  the  determination  of  the 
above-mentioned  facts  leads  us  necessarily  to  several  important  modi- 
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fiofttioua  of  the  received  theory  of  the  physical  constitution  of  our 
central  luminary — the  tlioory  which  we  owe  to  Kii-chhofF,  who  bused 
it  upon  his  examination  of  the  solar  spectrum.  According  to  his 
hypothesis,  the  photosphere  itself  is  either  solid  or  liquid,  and  it  is 
surrounded  by  an  extensive  cool  and  u  on -luminous  atmosphere  com- 
posed of  gases  and  the  vapours  of  the  substances  incandescent  in  the 

photosphere. 

We  find,  however,  instead  of  this  compound  oool  and  non-luminous 
atmosphere  outside  tin:  photosphere,  one  which  is  in  a  state  of  in- 
candescence, is  therefore  luminous,  and  which  gives  us  merely, 
or  at  all  events  mainly,  the  spectrum  of  hydrogen;  and  the  tenuity 
of  this  incandescent  atmosphere  is  such  that  it  is  extremely  impro- 
bable that  any  considerable  utmosphoro,  such  as  the  corona  has  been 

imagined  to  indicate,  exJsts  outside  it. 

Here  already,  then,  we  find  the  "  cool  absorbing  atmosphoro  "  of 
the  theorists  terribly  reduced  in  height,  and  apparently  much  more 
simple  in  its  composition  than  hud  been  imagined  by  Kirchhoff  and 
others.     Dr.  Fraukhmd  and  myself  have  shown  separately — 

1.  That  a  gaseous  condition  of  the  photosphere  is  quite  consistent 
with  its  continuous  spectrum,  whether  we  regard  the  spectrum  of  the 
general  surface  or  of  spots.  The  possibility  of  Ibis  condition  bus  also 
been  suggested  by  Messrs  Do  la  line,  Stewart,  and  Loewy. 

2.  That  a  sun-spot  is  a  region  of  greater  absorption. 

3.  That  when  photospheric  matter  is  injected  into  the  chromo- 
sphere, we  see  bright  linos. 

4.  That  there  are  bright  lines  in  the  solar  spectrum  itself. 
All  theso  are  facts  which  indicate  that  the  absorption  to  which  the 

reversal  of  the  spectrum  and  the  Fraunhofer  lines  are  duo  takes  place 
in  the  photosphere  itself  or  extremely  near  to  it,  instead  of  in  an 
extensive  outer  absorbing  atmosphere  And  this  conclusion  is 
strengthened  by  the  consideration  that  otherwise  Hio  newly  discovered 
bright  lines  of  hydrogen  should  themselves  show  traces  of  absorption 
on  Kirchhofi's  theory  ;  but  I  shall  show  you  presently  that,  so  far 
from  this  being  tho  case,  they  appear  hr'njfd  iictxullii  in  the  very  centre 
of  the  disc,  and,  moreover,  the  vapours  of  sodium,  iron,  magnesium, 
and  barium  are  often  bright,  in  the  chromosphere,  showing  that  they 
would  always  be  bright  there  if  the  vajtoiirs  were  always  present,  as 
they  should  Ixt  on  Kirchhoff  s  hypothesis  ;  so  that  wo  may  say  that  tho 
photosphere  jiliti>  the  chromosphere  is  the  real  atmosphere  of  the  sun, 
and  that  tho  sun  itself  is  in  such  a  state  of  fervid  heat  that  tho  actual 
outer  boundary  of  its  atmosphere,  i.e.  the  chromosphere,  is  in  a  state 
of  incandescence. 

With  regard  to  the  line  in  the  orange  I  have  nothing  yet  to  tell. 
Dr.  Franklond  and  myself  are  at  tho  present  moment  working  upon 

it. 
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As  a  rule,  tho  chromosphere  rests  conformably,  an  geologists  would 
say,  on  tho  photosphere,  but  tho  atmosphere  (as  I  havo  just  defined 
it)  is  tremendously  riddled  by  convection  current* ;  and  where  these- 
are  moat  powerfully  at  work  tlio  upper  layers  of  the  photosphere  are 
injected  into  tho  chromosphere.  Tims  I  have  observed  the  lines  due 
to  the  vapour  of  sodium,  magnesium,  barium,  ami  iron  in  the  spectrum 
of  tho  chromosphere,  appearing  there  as  very  short  and  very  thin  line*, 
generally  much  thinner  than  tho  black  lines  due  to  their  absorption 
in  tho  solar  spectrum. 

These  injections  are  nearly  always  accompanied  by  the  strangest 
contortions  of  the  hydrogen  lines,  of  which  more  presently,  Some- 
times during  their  occurrence  the  chromosphere  seems  full  of  linos, 
those  due  to  the  hydrogen  towering  above  tho  rest 

At  the  same  time  we  have  tremendous  changes  in  the  prominences 
themselves,  which  I  have  recently  been  aide  to  see  in  till  their  beauty. 
I  attempted  to  accomplish  this  in  the  first  instance  by  means  of  an 
oscillating  slit,  but  hearing  that  Mr.  Hoggins  had  succeeded  in  doing 
the  same  thing  by  mum  of  absorptive  media,  using  an  open  slit,  it 
struck  me  at  once  that  an  open  slit  was  quite  sufficient,  and  this  I  find 
to  bo  the  case.  By  this  method  the  smallest  details  of  the  prominences 
and  of  tlio  chromi -sphere  itself  lire  reuderei]    perfectly  visible  and  easy 

of  observation,  and  for  the  following  reason.  As  you  already  know, 
the  hydrogen  Fraunhofer  linos  (like  all  tho  others)  appear  dark 
because  the  light  which  would  otherwise  paint  an  image  of  the  slit  in 
tho  place  they  occupy  is  ttbsorl>ed,  hut  when  we  have  a  prominence  on 
the  slit,  there  is  light  to  paint  the  slit,  and  as  in  the  case  of  any  one 
of  the  hydrogen  lines  we  are  working  with  light  of  one  refrangibility 
only,  on  which  the  prisms  have  no  dispersive  power,  we  may  consider 
the  prisms  abolished.  Further,  as  wo  havo  the  prominence  image 
coincident  with  tho  slit,  we  shall  see  it  as  we  sec  the  slit,  and  the 
wider  we  open  the  slit  the  more  of  tho  prominence  shull  we  see.  We 
may  use  either  the  red,  or  yellow,  or  green  light  of  hydrogen  for  tho 
purpose  of  thus  seeing  the  shape  and  details  of'  the  prominences;  how 
far  tho  slit  may  be  opened  depends  upon  the  purity  of  the  sky  at  the 
time.  I  have  boon  j>orfootly  enchanted  with  the  sight  which  my 
BpoctrOHCOiw  has  revealed  to  me.  The  solar  and  atmosphoric  spectra 
being  hidden,  and  tho  image  of  tho  wide  slit  and  the  ]iart  of  the  pro- 
minence under  observation  alone  Iking  visible,  the  telescope  or  slit 
is  moved  slowly,  and  the  strange  s  ha- low-forms  nit  post,  and  are  seen 
as  they  are  seon  in  eclipses.  Here  ono  is  reminded,  by  the  fleecy, 
infinitely-delicate,  cloud-films,  of  an  Iji^lish  hedge-row  with  luxuriant 
elms;  hero  of  a  densely  intertwined  tropical  forest,  tho  intimately 
interwoven  branches  threading  in  all  directions,  the  prominences 
generally  expanding  as  they  mount  upwards,  and  changing  slowly, 
indeed  almost  imperceptibly. 

It  does  not  at  all  follow  that  tho  largest  prominences  are  tbo60  in 
which  the  in  tensest  action,  or  the  most  rapid  change  is  going  on— tho 
action  as  visible  to  us  being  generally  confined  to  tho  regions  just  in, 
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or  above,  the  chromosphere ;  the  changes  arising  from  violent  uprush 
or  rapid  dissipation — the  uprush  and  dissipation  rep re sen ting  the  birth 
and  death  of  a  prominence.  As  a  rule,  the  attachment  to  a  chromo- 
sphere is  narrow  and  is  not  often  single  ;  higher  up,  the  stems,  so  to 
speak,  intertwine,  and  the  prominence  expands  and  soars  upward 
until  it  is  lost  in  delicate  filaments,  which  are  carried  away  in  floating 
masses. 

Since  last  October,  np  to  the  time  of  trying  the  method  of  using 
the  open  slit,  I  had  obtained  evidence  «f  considerable  changes  in  the 
prominences  from  day  to  day.  With  the  open  slit  it  is  at  onee 
evident  that  fliiingcs  mi  the  -mull  scale  are  continually  going  on  ;  but 
it  was  only  on  the  14th  of  March  that  I  ohserved  any  change  at  all 
comparable  in  magnitude  and  rapidity  to  those  already  recorded  by 
M.  J  ansae  n. 

About  ;)h.  45m.  on  that  day,  with  the  slit  lying  nearly  along  the 
sun's  edge  instead  of  across  it  as  usual,  I  observed  a  fine  dense  pro- 
minence near  the  sun's  equator,  on  the  eastern  limb,  with  signs  of 
intense  action  going  on.  At  lOh.  50m.,  when  the  action  was  slacken- 
ing, I  opened  the  slit  and  saw  at  once  that  the  dense  appearance  had 
all  disappeared,  and  cloud-liko  filaments  had  taken  its  place.  The 
first  sketch,  im«  exhibited,  embracing  an  irregular  prominence  with  a 
long  perfectly  straight  one,  was  finished  at  1  lh.  5m.,  Uie  height  of  the 
prominence  being  1'  5",  or  about  27,000  milea.  I  left  the  Observatory 
for  a  few  minutes,  and  on  returning,  at  lib.  15m.  I  was  astonished  to 
find  that  the  straight  part  of  the  prominence  had  entirely  disappeared; 
not  even  the  slightest  rack  appeared  in  its  place.  Whether  it  was 
entirely  dissipated,  or  whether  parts  of  it  had  been  wafted  towards 
the  other  part,  I  do  nut  know,  til  though  I  think  the  latter  explanation 
the  more  probable  one,  as  the  other  part  had  increased. 

Bo  much  then  for  the  chromosphere  and  the  prominences,  which  I 
think  the  recent  work  has  shown  to  be  the  last  layer  of  the  true  atmo- 
sphere of  the  sun.     I  shall  now  invite  your  attention  to  spots. 

Now,  as  a  rule,  precisely  those  lines  which  are  injected  into  the 
photosphere  by  convection  currents  arc  most  thickened  in  the  spec- 
trum of  a  spot,  and  the  thickening  increases  with  the  depth  of  tho 
spot,  so  that  I  no  longer  regard  a  spot  simply  as  a  cavity,  but  as  a 
place  in  which  principally  the  vapours  of  sodium,  barium,  iron,  and 
magnesium  occupy  a  lower  level  than  they  do  ordinarily  in  the  atnio- 

I  have  told  you  before,  that  when  these  lines  are  ohserved  in  the 
chromosphere,  they  usually  are  thinner  than  their  usual  Fraunhofer 
lines. 

I  will  now  show  a  photograph  of  a  spot  apectTum  on  the  screen. 
Tou  will  see  a  black  hand  running  across  the  ordinary-  spectrum 
block  band  indicates  tin:  general  absorption  which  takes  place  in 
spot.  Now  mark  the  behaviour  of  the  Fraunhofer  lines ;  see  how 
widon  as  they  cross  the  spot,  putting  on  a  sudden  blackness 
width  in  the  ease  of  a  spot  with  stoep  sides,  expanding  gradually 
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in  a  shelving  one.     The  behaviour  of  theso  lines  is  duo  to  selective 
absorption. 

We  have,  then,  the  following  facts  :  mark  them  well — 

1.  The  lines  of  sodium,  magucsium,  and  barium,  when  observed  in 
the  chromosphere,  are  among  those  which  are  thinner  than  their  usual 
Fraunhofer  lines. 

2.  The  lines  of  sodium,  magnesium,  and  barium,  when  observed  in 
a  spot,  are  among  those  which  are  thicker  than  their  usual  Fraunhofer 

They  show,  I  think,  that  a  spot  is  the  seat  of  a  downrush  or 
downsinking. 

Messrs.  De  la  Rue,  Stewart,  and  Loowy,  who  brought  forward  the 
theory  of  a  downrush  before  my  observations  of  an  actual  downrush 
wore  made  in  1865,  at  once  suggested  as  one  advantage  of  this  expla- 
nation that  all  the  gradations  of  darkness,  from  tho  facukn  to  tho 
eeutral  umbra,  may  bo  supposed  to  be  due  to  tho  same  cause,  namely, 
tho  presence  to  a  greater  or  less  extent  of  a  relatively  cooler  absorbing 
atmosphere ;    thus  suggesting  as   one  cause   of  the  darkening  of  a 

1.  The  general  absorption  of  the  atmosphere,  thicker  hero  than 
elsewhere,  as  the  spot  is  a  cavity. 

To  which  the  spectroscope  added  in  1866,  as  you  know — 

2.  Greater  selecti  vu  absorption. 

I  have  Dr.  Frankland's  permission  to  exhibit  an  experiment  con- 
nected with  our  researches  on  absorption  which  will  show  you  that 
this  increased  selectivo  absorption  can  be  fairly  grappled  with  in  our 
laboratories.  I  will  show  yon  on  the  Hereto  llie  absorption  line  due 
to  sodium  vapour,  in  one  part  as  thin  as  it  is  in  the  ordinary  solar 
spectrum ;  in  another,  almost  if  not  quite  as  thick  as  it  appears  in  a 
spot ;  and  I  accomplish  this  result  in  tho  following  way  : — Here  I 
have  an  electric  lamp,  and  by  moans  of  this  slit  I  only  permit  a  fine 
line  of  light  to  emerge  from  it ;  here  the  beam  passes  through  a  bi- 
sulphide of  carbon  prism,  and  there  you  see  on  the  screen  tho  glorious 
spectrum,  duo  to  tho  dismemberment  of  tho  fine  line  of  polychro- 
matic light.  Mr.  Pedlor  will  now  place  a  glass  tube  containing 
metallic  sodium,  sealed  up  with  hydrogen,  in  front  of  tho  slit,  and 
will  boat  it  with  a  spirit  lamp. 

As  tho  sodium  vapour  rises  you  see  the  dark  lino  of  absorption 
make  its  appearance  as  an  extremely  line  line,  and  finally  you  sco 
that  the  light  which  traverses  tho  upper  layer  of  the  sodium,  scarcely 
suffers  ouy  absorption — the  line  is  thin  ;  while,  on  the  contrary,  tho 
light  which  has  traversed  the  lower,  denser  layers  has  suffered  tremen- 
dous absorption :  the  line  is  inordinately  thick,  such  as  wo  see  it  in 
the  spectrum  of  a  spot. 

So  much  then  for  the  soloctivc  absorption.  My  recent  observations, 
to  which  I  will  shortly  draw  attention,  show,  I  think,  that  it  is  of 
great  importance,  especially  in  connection  with  tho  foot  that  the  pas- 
sage from  the  penumbra  to  the  umbra  is  generally  less  gradual  than 
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that  from  the  photosphere  to  the  penumbra.     Yon  BOO  now  b 
is  included  in  tliu  assertion  that  the  photosphere  is  gaseous. 

You  are  all,  I  know,  familiar  with  that  grand  generalization  of 
Kirch  boll's,  by  which  bo  accounted  for  the  Fraunhhoter  lines. 

If  we  have  a  gas  or  a  vapour  loss  luminous  than  another  light- 
soureo,  and  view  that  light-source  through  the  gas  or  vapour,  then  we 
shall  obsorve  absorption  of  those  particular  rays  which  the  gaseous 
vapour  would  emit  if  incandescent. 

Let  us  cotiI'uic  our  uUcntion  to  the  hydrogen  Frnunhofer  lines. 

When  I  observe  the  chromosphere  on  the  sun's  limb,  with  no 
bnghter  light-source  behind  it,  I  observe  its  characteristic  lines 
bright.  But  when  I  observe  them  on  the  sun  itself — that  is,  whon  the 
brighter  sim  is  on  the  other  sido  of  the  hydrogen  envelope,  then,  as  a 
rule,  its  function  is  reduced— is  toned  down— tho  envelope  acts  as  an 
absorber— tho  lines  are  observed  black. 

Now  what  must  wo  conclude  when  I  toll  you  that,  at  the  present 
time,  it  is  almost  impossible  to  observe  the  sun  for  an  hour  withont 
observing  the  hydrogen  lines,  every  now  and  then,  bright  upon  the  sun 
ilsdf. 

Not  only  are  the  lines  observed  bright,  but  it  would  appear  that 
the  strongly  luminous  hydrogen  is  earned  up  by  the  tremendous  con- 
vection currents  at  different  pressures  ;  and  undor  these  circumstances 
the  bright  lino  is  seen  to  bo  expanded  on  both  sides  of  its  normal 
position.  Moreover,  at  limes  there  is  a  dim  light  on  both  sides  the 
black  line,  and  the  line  itself  is  thinned  out,  showing  that,  although 
thero  is  on  uprush  of  strongly  luminous  material,  tho  column  is  still 
surmounted  by  some  less  Imnmnus  hydrogen,  pissibly  separated  from 
the  other  portion,  which  still  performs  the  functions  of  an  absorber. 
This  seems  established  by  another  fact,  namely  that  ut  times  tho 
linos,  still  black,  expand  on  both  sides,  as  if,  in  fact,  in  these  regions 
there  were  a  depression  in  the  chromosphere  ;  you  already  know  that 
the  pressure  is  greater  at  the  base  of  the  chromosphere  than  at  the 

For  this  reason  it  is  best  to  observe  these  ph< 
the  green  lino,  which  expands  in  a  more  decided 
than  does  the  red. 


fact,  in  these  regions 
ou  already  know  that 
nosphere  than  at  the 

onomona  by  means  of 
1  manner  by  pressure 

d  out  by  these  inves- 


I  now  come  to  a  new  field  of  discovery  opened  out  by  these  inves- 
tigations, a  branch  of  the  inquiry  which  I  fear  you  will  consider  more 
startling  than  all  tho  rest — a  branch,  however,  which  I  have  bad 
many  opportunities  of  studying,  and  which  bus  required  me  to  move 
with  tho  utmost  caution.  1  allude  to  the  movements  of  the  hydrogen 
envelope  and  prominences  at  which  I  have  before  hinted. 

Any  one  who  has  observed  tho  sun  with  a  powerful  teleseopo, 
especially  in  a  Loudon  fog— all  too  great  a  rarity  unfortunately  for 
Much  work — will  havu  been  struck  with  the  tremendous  changes 
observed    in   spots.      Now,   change    means   movement,    and   as   spot 
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phenomena  occur  immediately  below  tho  level  of  the  chromosphere 
we  may  easily  imagine  tuat  the  chromosphere  and  its  higher  waves, 
the  prominences,  will  also  parhike  of  the  movements,  be  they  up-  or 
down-  rushes,  cyclones,  or  merely  lateral  motions.  1  havo  thrown  on 
(In  M-iecii  :i  photograph  of  a  drawing  of  a  sun-spot  observed  under 
the  clear  sky  of  Kome  by  Father  Secchi — a  drawing  I  rogard  as  a 
most  faithful  counterpart  of  nature. 

You  see  how  the  photosphere  is  being  driven  about  and  con- 
torted ;  how  hero  it  seems  to  be  torn  to  ribbons  by  the  action  of 
some  tremendous  force,  how  hero  it  is  dragged  down  and  shivered  to 
atoms. 

The  spectroscope  enables  us  to  determine  the  velocities  of  these 
movements  with  a  considerable  approach  to  accuracy;  and  at  times 
they  are  so  great  that  1  am  almost  afraid  to  mention  them  to  you. 

Let  me  first  endeavour  to  give  yon  an  idea  how  this  result  is 
arrived  at,  and  I  must  here  beg  your  indulgence  for  a  gross  illustration 
of  one  of  the  tuost  supremely  delicate  of  nature's  operations. 

Imagine  a  barrack  out  of  which  is  constantly  issuing  with  measured 
tread  and  military  precision  an  infinite  number  of  soldiers  in  single 
or  Indian  file  ;  and  suppose  yourself  in  a  street  seeing  these  soldiers 
pass.  You  stand  still,  and  take  out  your  watch,  and  find  that  so 
many  pass  you  in  a  second  or  minute,  and  that  the  number  of  soldiers, 
as  well  as  the  interval  between  them,  is  always  the  same. 

You  now  move  slowly  towards  tho  barrack,  still  noting  what 
happens.  You  find  that  mure  soldiers  pass  you  than  before  in  the 
same  time,  and,  reckoned  in  time,  the  interval  between  each  soldier 

Yon  now  move  still  slowly  from  tho  barrack,  i.e.  with  the  soldiers. 
You  find  that  fewer  soldiers  now  pass  yon,  and  that  the  interval 
between  each  is  longer. 

Now  suppose  yourself  at  rest,  and  suppose  tho  barrack  to  havo  a 
motion  now  towards  you,  now  from  you. 

In  the  first  case  the  men  will  bo  paid  out,  ao  to  speak,  more 
rapidly.  Tho  motion  of  the  barmk-gato  towards  you  will  plant  each 
soldier  nearer  the  preceding  one  than  ho  would  have  been  if  tho 
barrack  had  remained  at  rest.  The  soldiers  will  really  be  nearer 
together. 

In  the  second  case  it  is  obvious  that  the  interval  will  bo  greater, 
and  the  soldiers  will  really  be  further  apart. 

So  that,  generally,  representing  the  interval  between  each  soldier 
by  tin  this  tie  cord,  if  tho  barrack  and  the  eye  appr.iaeh  each  other  by 
tho  motion  of  either,  the  cord  will  contract ;  in  tho  case  of  recession, 
the  cord  will  stretch. 

Now  let  the  barrack  represent  the  hydrogen  on  the  sun,  perpetu- 
ally paying  out  waves  of  light,  and  let  the  elastic  cord  represent  ono 
of  those  waves  ;  its  length  will  be  changed  if  tho  hydrogen  and  tho 
eye  approach  each  other  by  the  motion  of  either. 
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Particular  wave  lengths  with  the  normal  velocity  of  light  are 
represented  to  us  by  different  colours. 

Tho  long  waves  are  red. 

The  short  waves  arc  violet. 

Now  let  us  fix  our  attention  on  tho  green  wave,  tho  refrangibility 
of  which  is  indicated  by  the  F  line  of  hydrogen.  If  any  change  of 
wave  length  is  observed  in  this  line,  and  not  in  the  adjacent  ones,  it  is 
clear  that  it  is  not  to  the  motion  of  the  earth  or  sun,  but  to  that  of 
the  hydrogen  itself  and  alone  that  the  chiinjre  must  lie  ascribed. 

If  tho  hydrogen  on  tho  sun  is  approaching  us  the  teaeen  leffi  be 
crushed  together;  they  will  therefore  bo  shortened,  and  tho  light  will 
incline  towards  the  violet,  that  is,  towards  the  light  with  the  shortest 
waves ;  and  if  the  waves  are  shortened  only  by  the  TOoo'ooootB  °f 
a  millemeter  wo  can  detect  tho  motion. 

If  tho  hydrogen  on  tho  sun  is  receding  from  us  the  waves  will  he 
drawn  out,  they  will  therefore  be  longer,  and  the  green  ray  will 
incline  towards  the  red, 

I  must  next  point  out,  that  there  are  two  different  circumstances 
under  which  the  liyilrogoii  may  approach  or  recede  from  the  eye. 

I  havo  here  a  globe,  which  wo  will  take  as  representing  tho  sun. 
Fix  your  attention  on  the  centre  of  this  globe  :  it  is  evident  that  an 
uprnsh  or  a  downrush  is  necessary  to  cause  any  alteration  of  wave 
length.  A  cyclone  or  lateral  movement  of  any  kind  is  powerless 
there  will  be  no  motion  to  or  from  the  eye,  but  only  at  right  angles 
to  the  lino  of  sight. 

Next  fis  your  attention  to  tho  edge  of  tho  globe— the  limb,  in 
astronomical  language ;  here  it  is  evident  that  an  upward  or  downward 
movement  is  as  powerless  to  alter  the  wave  length  as  a  lateral  move- 
ment was  in  the  other  case,  but  that,  should  any  lateral  or  cyclonic 
movement  occur  here  of  sufficient  velocity,  it  might  bo  detected. 

So  that  we  havo  the  centre  of  the  disc  for  studying  upward 
downward  movements,  and  the  limb  for  studying  lateral  or  cyclonic 
movements,  if  they  exist. 

If  the  hydrogen-lines  were  invariably  observed  to  broaden  out 
both  sides,  the  idea  of  movement  would  require  to  bo  received  with 
great  caution;  we  might  be  in  presence  of  phenomena  duo  to  greater 
pressure,  both  when  the  lines  observed  are  bright  or  black  upon  the 
sun  ;  but  when  they  widen  out,  sometimes  on  one  side,  sometimes  on 
the  other,  and  sometimes  on  both,  this  explanation  appears  to  bo 
untenable,  as  Dr.  Frankland  and  myself  in  our  researches  at  the 
College  of  Chemistry  have  never  failed  to  observe  a  widening  o 
equally  or  nearly  so,  on  both  sides  tho  F  line  when  the  pressuro 
tho  gas  has  been  increased. 


e  now  on  the  screen  a  diagram  showing  the  strango  c 
tortious  which  tho  F  hydrog;  m  lino  undergoes  at  the  cuntro  of  t 
sun's  disc.     Not  only  havo  we  tho  line  bright,  as  I  have  before  told  you, 
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but  tin;  dork  one  is  twisted  in  places,  generally  inclining  towards  the 
red  ;  and  often  when  this  happens  we  have  a  bright  lino  on  the  violet 
side.  You  see  it,  sometimes,  stopping  sbort  of  one  of  the  small  sun- 
spots  ;  swelling  out  prior  to  disappearance ;  invisible  in  a  facnla 
between  two  small  spots  ;  changed  into  a  bright  line,  and  widened  out 
on  both  sides  two  or  three  times  in  the  very  small  spots  ;  becoming 
bright  near  a  spot,  and  expanding  over  it  on  both  sides ;  very  many 
times  widened  out  near  a  spot,  sometimes  considerably,  on  the  less 
refrangible  aide ;  and,  finally,  extended  as  a  bright  line  without  any 
thickening  over  a  small  spot. 

Now  the  other  Fraunhofer  lines  on  the  diagram  may  be  looked 
upon  as  so  many  milestones  telling  us  with  what  rapidity  the  uprnsh 
and  downrush  take  place  ;  for  these  twistings  arc  nothing  more  or 
less  than  alterations  of  wave  length,  and  thanks  to  Angstrom's  map 
we  con  map  out  distances  along  the  spectrum  from  F  in  100B'ooonths 
of  a  millimeter  from  the  centre  of  that  line ;  and  wo  know  that  an 
alteration  of  that  line  yrffaVsiiflri1  mm,  towards  the  violot  means  a 
velocity  of  38  miles  a  second  towards  the  eye,  i.  e.  an  nprush ;  and 
that  a  similar  alteration  towards  the  red  means  a  similar  velocity 
from  the  eye,  i.  e.  a  downrush.  The  fact  that  the  black  line  inclines 
to  the  red  shows  that  the  less  bright  hydrogen  descends  ;  the  fact  that 
the  bright  line — where  both  are  visible  sido  by  side— inclines  to  the 
violet,  shows  that  the  more  vivid  hydrogen  ascends ;  and  the  alteration 
of  wave  length  is  such  that  20  miles  a  second  is  very  common. 

Now,  observations  of  the  lateral  motions  at  the  limb  are  of  course 
mode  by  the  chromospheric  bright  linos  seen  beyond  the  limb.  Here 
the  velocities  are  very  much  more  startling  ;  not  velocities  of  uprush 
and  downrush,  as  you  now  know,  but  swinging  and  cyclonic  motions 
of  the  hydrogen, 

I  will  first  show  you  a  cyclone  observed  on  the  14th  of  March, 
but  before  I  do  so  let  me  make  one  remark.  Although  the  slit  need 
is  as  narrow  as  I  can  make  it,  let  us  say  ;.J-flth — I  have  not  measured 
it — of  an  inch,  a  strip  of  this  biwdth,  of  1  hi:  sim's  image,  is  something 
considerable,  as  the  glorious  suu  himself  is  painted  by  my  object-glass 
only  about  '  94  inch  in  diameter,  so  that  after  all  the  slit  lets  in  to  be 
analyzed  a  strip  some  1800  miles  wide. 

Now,  suppose  wo  have  a  cyclone  of  incandescent  hydrogen  some 
1500  miles  wide  tearing  slung  with  a  very  rapid  rotatory  motion,  it 
is  clear  that  all  this  cyclone  could  fall  within  the  slit ;  and  that  if  tho 
rotatory  motion  were  sufficiently  rapid  the  spectrosco|>e  shoidd  sepa- 
rate the  waves  which  are  carried  towards  us  from  those  which  aro 
receding.  It  does  this:  as  you  see,  we  have  an  alteration  of  wave-length 
both  towards  the  red  and  violet,  amounting  to  something  tike  40  miles 
a  second.  Now  it  should  bo  clear  to  you  that,  by  moving  the  slit  first 
one  way  and  then  the  other,  we  may  bo  able  to  bring  it  in  turn  to 
such  positions  that  only  tho  light  proceeding  from  either  side  of  the 
oyclouo  can  enter  it.  Thou  wo  shall  have  changes  of  wave-length  in 
ono  direction  only,  in  each  case  precisely  as  you  seo  was  observed. 
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Now,  let  us  suppose  that  instead  of  a  cyclone,  we  have  a  motion  of 
some  portions  of  the  prominence  towards  the  eye ;  and  that,  moreover, 
the  rate  of  motion  varies  excessively  in  some  portions.  What  we 
shall  see  will  be  this.  The  portion  of  the  prominence  at  rest  will 
give  us  uo  alteration  of  wave-length  ;  its  bright  lino  will  be  in  a  line 
with  the  corresponding  black  one  in  the  spectrum.  The  portion 
moving  towards  the  eye,  however,  will  give  us  an  alteration  of  wave- 
length towards  the  violet,  Yon  are  now  in  a  position  to  grasp  the 
phenomena  revealed  to  mo  by  my  spectroscope  on  the  12th  instant, 
wheu  at  times  the  F  line  was  triple !  the  extremo  alteration  of  wave- 
length being  such  that  the  motion  of  that  part  of  the  prominence 
giving  the  most  extremo  alteration  of  wave- length  must  have  exceeded 
120  miles  per  second,  if  we  aro  to  explain  these  phenomena  by  the 
only  known  possible  cause  which  is  open  to  us. 

By  moving  the  slit  it  was  possible  to  see  in  which  part  of  the 
prominence  theso  groat  motions  arose,  and  to  follow  the  change  of 
wave-length  to  its  extremes!  limit. 

By  the  kindness  of  Dr.  Balfour  Stewart  I  am  able  to  exhibit  to 
you  some  of  the  Kew  sun-pictures  which  show  you  how  these  spectro- 
scopic changes  are  somotim.es  connected  with  telescopic  ones. 

On  the  21st  April  there  was  a  spot  very  near  the  limb  which  I  was 
enabled  to  observe  continuously  for  some  time.  At  7.30  a.m.  there 
was  a  prominence  visible  in  this  field  of  view,  in  which  tremendous 
action  was  evidently  going  on,  for  the  C,  D,  and  F  linos  were  magni- 
ficently bright  in  the  nrdimiry  spectrum  itself,  and  as  the  spot-speetrnm 
was  also  visible  it  whs  seen  that  the  prominence  was  in  advance  of  the 
spot.  The  injection  into  the  chromosphere  surpassed  anything  I  had 
seen  beforo,  for  there  was  a  magnesium  chmd  quite  separated  from  the 
limb,  and  high  up  in  the  prominence  itself. 

By  8.30  the  action  had  quieted  down,  hut  at  !>.30  another  throb 
was  observed,  and  the  new  prominence  was  moving  away  with  tre- 
mendous velocity.  While  this  was  going  on,  the  hydrogen  lines 
suddeuly  became  bright  on  the  other  side  (the  earth's  side)  of  the 
spot,  and  widened  nut  considerably  —indeed  to  such  an  extent  that  I 
attributed  their  action  to  a  cyclone,  although,  as  you  know,  this  was 
a  doubtful  case. 

Now,  what  said  the  photographic  record  ?  The  sun  was  photo- 
graphed at  10b.  55m.  a.m.,  and  I  hope  you  will  bo  able  to  see  on  the 
screen  how  the  sun's  surface  was  disturbed  near  the  spot.  A  sul>- 
sequent  photograph  at  4h.  lm  p.m.  on  the  same  day  shows  the  limb 
to  be  actually  broken  in  that  particular  place  :  the  photosphere  seems 
to  have  been  absolutely  torn  away  behind  the  spot,  exactly  when  the 
Spectroscope  hud  all'ordod  me  possible  evidence  of  a  cyclone  ! 

In  connection  with  the   last   branches   of  the    research  I  have 

brought  to  your  notice,  I  may  remark  that  wo  have  two  very  carefully 
prepared  recent  maps  of  the  solar  spectrum,  one  by  K'      * 
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other  by  Angstrom,  made  a  few  years  apart  and  at  different  epochs 
with  regard  to  the  sun-spot  period.  If  yon  look  at  these  maps  yon 
will  see  a  vast  difference  in  the  relative  thicknesses  of  the  C  and  F 
lines,  and  great  differences  in  the  relative  darkness  and  position  of  the 
lines ;  and  if  I  had  time  I  could  show  yon  that  we  now  may  be  sup- 
plied with  a  barometer,  so  to  speak,  to  measure  the  varying  pressures 
in  the  solar  and  stellar  chromospheres;  for,  depend  upon  it,  every 
star  has,  has  had,  or  will  have,  a  chromosphere,  and  there  are  no  such 
things  as  "  worlds  without  hydrogen,"  any  more  than  there  are  stars 
without  photospheres.  I  suggested  in  1866  that  possibly  a  spectro- 
scopic examination  of  the  sun's  limb  might  teach  us  somewhat  of  the 
outburst  of  the  star  in  Corona,  and  already  we  see  that  all  that  is 
necessary  to  get  just  such  an  outburst  in  our  own  sun  is  to  increase 
the  power  of  his  convection  currents,  which  we  know  to  be  ever  at 
work.  Here,  then,  is  one  cataclysm  the  less  in  astronomy — one  less 
"  World  on  Fire,"  and  possibly  also  a  bright  light  thrown  on  the  past 
history  of  our  own  planet. 

I  might  show  you  further  that  we  now  are  beginning  to  have  a 
better  hold  on  the  strange  phenomena  presented  by  variable  stars,  and 
that  an  application  of  the  facts  I  have  brought  to  your  notice  this 
evening,  taken  in  connection  with  the  various  types  of  stars  which 
have  been  indicated  by  Father  Secchi  with  admirable  philosophy, 
opens  out  generalizations  of  the  highest  interest  and  importance  ;  and 
that  having  at  length  fairly  grappled  with  some  of  the  phenomena  of 
the  nearest  star,  we  may  soon  hope  for  more  certain  knowledge  of  the 
distant  ones. 

At  present,  however,  we  may  well  leave  speculation  for  those  who 
prefer  it  to  acquiring  facts ;  let  us  rather,  emboldened  by  the  work 
which  this  new  method  of  research  has  enabled  us  to  accomplish  in 
this  country,  under  the  worst  atmospheric  conditions,  in  seven  short 
months,  go  on  quietly  deciphering  one  by  one  the  letters  of  this  strange 
hieroglyphic  language  which  the  spectroscope  has  revealed  to  us — a 
language  written  in  fire  on  that  grand  orb  which  to  us  earth-dwellers 
is  the  fountain  of  light  and  heat,  and  even  of  life  itself. 

[J.  N.  L.] 
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On  the  Simiihut  Organic  Cunvpound*. 

All  the  olefins  hydrocarbons  are  found  to  have  one  and  the  .- 
ultimate  composition,  or  ratio  of  carbon  to  hydrogen. 


C.H. 
C.H, 
C.H. 
O.H„ 
C.H,, 


Ethylene 

Propylene 
Butylene 


-; 


But  these  hydrocarbons  obviously  differ  in  the  complexity  of  their  con- 
stitution. Some  of  them  are  gases,  differing  from  one  another  in  conden- 
sability;  others  of  them  are  liquids,  diflbnag  from  one  another  in  vola- 
tility ;  whilo  others  of  them  are  solids,  differing  from  one  another  in 
fusibility.  The  exact  degree  of  conipleiity  of  each  hydrocarbon  is  shown 
by  its  reactions.  Thus  tho  hydrnguii  of  jjiisumis  ethylene  being  ex- 
perimentally divisible  into  four  parts,  and  its  carbon  into  two  parts, 
there  ia  deduced  for  it  the  formula  C,H, ;  while  the  hydrogen  of 
liquid  umylcno  being  experimentally  divisible  into  ten  pai'ts,  and  its 
carbon  into  five  parts,  there  is  deduced  for  it  tho  formula  CjH„. 
Again,  it  is  possible  to  extract  from  a  given  volume  of  ethylene  gas 
and  amyleuo  vapour,  four  times  and  ton  times  respectively  the  actual 
weight  of  byilri'"!.'!!  obtaiuulilt)  from  the  samo  volume  of  hydrochloric 
acid  gas;  and  also  to  extract  therefrom  two  times  and  five  times  re- 
spectively the  actual  weight  of  carbon  that  is  obtainable  from  tho 
same  "volume  of  carbonic  acid  gas— these  two  gases,  formulated  as 
HC1  and  CO„  containing  within  a  given  volume  the  smallest  observed 
weights  of  hydrogen  and  of  carbon  respectively.  The  oleline  hydro- 
carbons are  said  to  be  polymeric,  and  their  different  properties  are 
satisfactorily  referable  to  tho  different  relative  weights  of  their  units  or 
molecules.  There  exist  many  other  series  of  polymeric  bodies,  that 
is  of  bodies  having  one  and  the  same  ultimate  composition,  but  dif- 
ferent molecular  weights. 


man- 
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II. 

Acetone,  propion-aldehyd,  and  allyl-alcohol  are  entirely  different 
substances,  possessed  of  well-marked  distinctive  properties.  Like  the 
several  (defines,  they  have  the  same  ultimate  composition  as  each 
other;  hut,  unlike  the  several  olefinos,  they  have  also  the  same  mole- 
cular weight  as  each  other,  and  are  expressed  hy  the  samo  molecular 
formula  CJELO.  In  each  of  thom  tho  carbon  is  experimentally  divi- 
sible into  three  parts,  and  tho  hydrogen  into  six  parts,  while  tho 
oxygen  is  indivisible ;  and  it  is  possible  to  extract  from  any  given 
volume  of  one  of  them  exactly  the  same  weights  of  carbon,  hydrogen, 
and  oxygen  that  are  obtainable  from  the  same  gas-volume  of  each  of 
the  other  two.  These  different  bodies  are  said  to  be  nietameric,  and 
their  different  properties  are  necessarily  referable  to  a  difference  in 
tho  arrangement  of  their  constituent  elements. 
III. 

The  cxistonco  of  a  determinate  structural  arrangement  in  chemical 
compounds  is  further  demonstrated  by  a  host  of  considerations ;  but 
the  difficulty  of  making  out  the  actual  structure  of  individual  compounds 
has  hitherto  proved  insuperable.  The  facility  of  setting  forth  imagi- 
nary structure,  however,  is  very  great ;  and  accordingly  tho  presenta- 
tion of  imaginary  for  ascertained  structure  has  been  freely  practised 
by  chemists  from  the  first  introduction  of  chemical  formulae  until  now. 
But  in  what  degree  soever  a  determination  of  absolute  chemical  structure 
may  hereafter  be  achieved,  the  possibility  exists  very  generally,  even 
at  tho  present  day,  of  determining  relative  chemical  structure — of 
making  out  that  in  such  and  such  a  body  the  structural  arrangement 
is  similar  to,  or  different  from,  that  of  some  other  and  usually  more 
simple  body.  Hence  tho  importance  of  studying  the  structural  ana- 
logies of  the  simplest  organic  bodies. 
IT. 

Marsh-gas  is  furnished  by  the  decay  of  moist  vegetablo  tissue,  and 
in  other  ways.  Chloride  of  methyl-gas  is  furnished  hy  the  action  of 
hydrochloric  acid  upon  norcotine,  codeine,  wood-spirit,  &c.  The 
ultimate  composition  of  the  two  gases  is  expressed  by  the  formulre 
CH,  and  CHjCl  respectively.  Marsh-gas  is  transformable  into  methyl- 
chloride  by  tho  action  of  chlorine  ;  and  methyl-chloride  into  marsh- 
gas  by  tho  action  of  hydrogen.  From  this  mutual  metamorphosis,  and 
from  the  parallelism  of  their  properties,  formations,  and  transformations, 
tho  two  gases  are  inferred  hi  have  one  and  the  same  molecular  struc- 
ture, whatever  that  may  be ;  anil  the  same  conclusion  is  applicable  to 
the  entire  series  of  bodies  formulated  below : — 


CH.       .. 

..     Marsh-gas. 

CH.C1    .. 

Methyl-chloride. 

CH.CL  .. 

, .      Mothylen-di  chloride. 

0HC1.   .. 

Chloroform. 

ecu     .. 

Perchlorido  of  carbon. 

Professor  W,  Odlinn 
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Wood-spirit  is  usually  furnished  by  tho  destructive  distillation  of 
wood,  but  is  procurable  from  many  other  sources,  and  especially  from 
essential  oil  of  winter-green,  by  its  decomposition  with  potash.  The 
ultimate  composition  of  wood-spirit  is  expressed  by  the  formula 
CH.,0  ;  and  it  is  observable  that  tiio  difference  of  ultimate  composition 
between  wood-spirit  and  methyl-chloride  I'H.Cl.  is  the  samo  as  that 
between  wator  H,0,  and  hydrochloric  acid  IIC1 ;  as  is  shown  more 
clearly  by  the  following  formulte,  in  which  the  differential  constitu- 
ents of  the  two  pairs  of  bodies  are  included  in  parentheses, 

H(CI)   ..     ..   H(HO).     |     CH,(C1)   ..    ..   CH„(HO). 

Further,  the  residue  H  of  hydrochloric  acid  and  residue  CH,  of 
methyl-chloride  arc  transformable  into  water  and  wood-spirit  respect- 
ively, and  IB-transformable  from  water  and  wood-spirit  baek  to  hydro- 
chloric acid  and  me thyl- chloride  respectively,  by  precisely  similar 
reactions. 

From  tlio  mutual  metamorphoses  and  parallel  habitudes  of  the  two 
bodies,  methyl-chloride  and  wood-spirit,  it  is  inferred  tliat,  with  regard 
to  their  common  residue  CH„,  they  have  tho  same  structure  as  one 
another ;  while,  with  regard  to  their  differential  constituents,  (CI)  and 
(HO),  thoir  difference  of  structure  is  analogous  to  the  difference 
betwoeD  hydrochloric  acid  and  water. 
VI. 

Hydrochloric  acid  HC1,  and  water  H,0,  are  the  first  and  second 
terms  of  a  series  of  bodies  of  which  the  third  nnd  fourth  terms  are 
constituted  by  ammonia  HjN,  and  marshals  II, ('  respectively.  Hence 
arises  a  question  as  to  tho  existence  of  organic  bodies  bearing  to 
methyl-chloride  and  wood-spirit  the  relation  that  ammonia  and 
marsh-gas  hear  to  hydrochloric  acid  and  water. 

vir. 

Many  years  ago,  mcthyl-amino  was  discovered  by  Wurtz. 
now  known  to  occur  as  a  product  of  the  putrefaction  of,  and  also 
of  the  action  of  alkalis  upon,  many  animal  substances.  Its  resem- 
blance in  properties  to  ammonia  is  most  remarkable,  and  its  differen- 
tiation therefrom  somewhat  difficult.  Its  ultimate  composition  is  ex- 
pressed by  the  formula  CHjN ;  whence  it  appears  that  the  difference 
of  ultimate  composition  bet  ween  methyl-amine  and  wood-spirit  and 


<  that  between  ammonia  and  water  and 


OH,  (d) 
CH^HO) 
CH„(H,N) 


methyl-chloride  is  the  same 
hydrocldoric  acid. 

HC1      ..    ..     0H.C1       I      H(C1) 

H.0      ..    ..     CH.0  H(HO) 

H„N      ....     OH.N        I      H(H,N) 
Moreover,    methyl-amine,    wood-spirit,    and   methyl-chloride 
mutually  convertible,  through  exchanges  of  their  differential 
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tuents,  by  processes  effecting  similar  mutual  conversions  of  hydro- 
chloric acid,  water,  and  ammonia.  From  the  mutual  metamorphoses 
and  parallel  habitudes  of  the  three  bodies,  it  is  inferred  that,  with 
regard  to  their  common  residue  CH„  they  have  the  same  structure  as 
each  other,  while  with  regard  to  their  differential  constituents  (CI), 
(HO),  and  (H,N),  their  difference  of  structure  is  similar  to  the  dif- 
ference between  hydrochloric  acid  and  water  and  ammonia. 

vin. 

Wood-spirit  or  methyl-hydrate  is  producible  by  the  action  of 
methyl-chloride  upon  sodium-hydrate  NaHO;  and  methyl-amine  by 
the  action  of  methyl-chloride  upon  sodium-amide  NaH8N.  Simi- 
larly, methyl-methide  is  producible  by  the  action  of  methyl- 
chloride  upon  sodium-methide  NaH3C.  (Action  of  methyl-iodide 
upon  zinc-methide. — Frankland  and  Kolbe.) 

NaHO  +  CII.Cl  =  CH40  +  NaCl 
NaH«N  +  CH3CI  =  CH5N  +  NaCl 
NaH8C  +  CH.C1  =   CH«C   +  NaCl 

This  methyl-methide  is  now  known  to  be  identical  with  the  hydro- 
carbon CSH6,  producible  by  the  indirect  deoxidation  of  common 
alcohol  CaHeO,  and  known  as  ethane  or  hydride  of  ethyl.  Ethane 
CHj/H8C),  being  susceptible  of  two  distinct  and  similar  sets  of 
marsh-gas  reactions,  just  as  methyl-amine  CH8(H8N)  is  susceptible 
of  ono  set  of  marsh-gas  and  one  set  of  ammonia  reactions — as  before, 
an  identity  of  structure  between  ethane  and  methyl-amine  is  in- 
ferred with  respect  to  their  common  residue  CH„  and  a  difference  of 
structure  with  respect  to  their  differential  constituents  (H,C)  and 
(H,N),  parallel  to  the  difference  in  structure  between  marsh-gas  and 
ammonia. 

IX. 

The  property  of  oxygen  that  is  half-saturated  by  hydrogen,  or  of 
the  water  residue  HO",  and  the  property  of  nitrogen  that  is  two- 
thirds  saturated  by  hydrogen,  or  of  the  ammonia  residue  HjN'",  to 
suffer  an  exchange  for  one  proportion  of  chlorine  or  hydrogen,  has 
been  shown  in  the  above,  and  might  be  shown  in  many  other  com- 
pounds. But  oxygen,  altogether  unsaturated  by  hydrogen,  has  the 
additional  property  of  being  exchangeable  for  two  proportions  of 
chlorine  or  hydrogen ;  and  nitrogen,  altogether  unsaturated  by  hydro- 
gen, has  the  additional  property  of  being  exchangeable  for  three 
proportions  of  chlorine  or  hydrogen,  as  indicated  by  the  succeeding 
formulas  for  mercuric  oxide  and  mercuric  chloride,  and  for  boric 
nitride  and  boric  chloride  respectively. 


NaF'      ..      . 

.     HgO"     .. 

..     BN'" 

NaCl      ..       . 

.     HgCl,     .. 

BC1, 
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Marsh-gas  compounds,  in  which  hydrogen  or  chlorine  has  been 
exchanged  for  half-saturated  oxygen  and  two-thirds  saturated  nitro- 
gen, have  been  already  adduced  in  wood-spirit  CH40,  and  methyl- 
amine  CHjN ;  and  reference  has  also  been  made  to  the  corresponding 
hydro-carbon  CH«C  or  C,H6.  The  question  now  arises  as  to  the 
existence  of  marsh-gas  compounds  in  which  hydrogen  or  chlorine 
has  been  exchanged  for  else  unsaturated  oxygen  and  nitrogen,  and  of 
hydrocarbons  corresponding  to  these  compounds. 

X. 

Some  few  years  back  a  curious  oxidation  product  of  wood-spirit 
was  discovered  by  Hofmann.  It  is  now  called  formic  aldehyd,  and  its 
ultimate  composition  is  expressed  by  the  formula  011,0.  In  respect 
of  ultimate  composition  its  relationship  to  the  second  marsh-gas 
chloride  CH,C1,  is  obviously  similar  to  that  of  mercuric  oxide  HgO, 
to  mercuric  chloride  HgOl,.  Both  formic  aldehyd  and  methylen  di- 
chloride,  however,  are  imperfectly  studied  compounds,  and  their 
actual  metamorphoses  are  unknown.  But  in  the  case  of  many  other 
aldehyds  and  corresponding  organic  dichlorides,  the  relationship  of 
mutual  metamorphosis  is  well  established,  whence  it  is  believed  to 
exist  between  these  two  compounds  also.  On  this  assumption  formic 
aldehyd  0HS0",  and  methylen  dichloride  011,01*,  are  inferred  to 
have  one  and  the  same  structural  arrangement  in  respect  to  their 
common  residue  OH,,  and  a  difference  of  structure  in  respect  to 
their  differential  constituents  O"  and  01,,  similar  to  the  difference 
between  oxide  and  chloride  of  mercury  for  example. 

XI. 

Prussic  acid  is  a  well-known  organic  compound  producible  by  the 
action  of  water  on  bitter  almond  kernels,  and  in  various  other  ways. 
Its  ultimate  composition  being  expressed  by  the  formula  OHN,  the 
difference  in  ultimate  composition  between  it  and  chloroform  CHOI,, 
is  obviously  similar  to  the  difference  in  composition  between  nitride 
and  chloride  of  boron,  BN  and  B018  respectively.  Now  chloroform 
is  readily  converted  into  prussic  acid,  and  boric  chloride  into  boric 
nitride,  by  the  similar  action  of  ammonia  upon  the  two  compounds, 
with  exchange  of  Cla  for  N'",  thus  : — 

CHCla  +   H8N    =    OHN  +   3HC1 
BC1,  +   H8N    =        BN  +   3HC1. 

Prussic  acid  OHN'",  and  chloroform  CHOI,,  are  accordingly  inferred  to 
have  one  and  the  same  structure  in  respect  of  their  common  residue 
OH,  and  a  difference  of  structure  in  respect  of  their  differential  con- 
stituents N'"  and  01s,  parallel  to  the  difference  between  nitride  and 
chloride  of  boron  for  example. 
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Allowing  fur  the  different  replaceable  values  of  oxygon  O",  and 
nitrogen  N'",  the  relationship  of  mulliyl-amine  to  prussic  acid  is  com- 
parable with  that  of  formic  aldeliyd  to  wood-spirit: — ■ 

Wood-spirit    CH.OI  Formic  aldehyd  CH.OI 

Methylomino  C  H5  N  „  Prosaic  acid  C  H  N 

Ethane     .     .  C  H,  C  I  Ethylene      .     .  C  H,  C  I  Acetylcno   .  C  H,  0 

Prussic  acid  and  formic  aldehyd  are  procurable  from  methylamine 
and  wood-spirit  respectively,  by  similar  processes  of  deliydrogenation 
or  oxidation ;  whilo  mcthyl-nminc  actually,  and  wood-spirit  analogically, 
aro  reproducible  from  prussic  acid  aud  formic  aldehyd  by  the  reverse 
process  of  hydrogenatiou.  Now  the  difference  in  ultimate  composition, 
between  othone  and  olefinut  gas,  or  ethyleno,  is  similar  to  that  between 
wood-spirit  and  formic  aldehyd  ;  and  the  difference  of  ultimate  com- 
position, between  the  hydrocarbons  ethane  and  acetylene,  is  similar  to 
that  between  motbyl-omine  and  prussic  acid.  Moreover  ethane  is 
convertible  successively  into  eth\  lenu  mid  ao  tylene  by  oxidation ;  and 
acetylene  is  recouvertible  into  othyleno  and  ethane  successively  by 
hydrogenation. 

xin. 

The  oiperimcntal  relationship  of  ethane,  methyl-amine,  and  wood- 
spirit  has  been  already  considered.  Formic  aldeliyd  being  a  very 
imperfectly -studied  compound,  the  relationship  between  it  and 
ethylene  is  as  yet  analogical  only ;  but  the  experimental  relationship 
between  acetylene  and  prussic  acid  has  recently  been  established  by 
Berthelot,  who  has  shown  that  mixed  acetylene  and  nitrogen  are  con- 
vertible into  prussic  acid,  and  that  prussic  acid  is  reconvcrtiblo  into 
mixed  acetylene  and  nitrogen,  by  the  action  of  the  electric  spark. 

CH.0   or   CH.nO  +  NN  =   OHN  ■+  NHC 

XIV. 

Just  as  the  existence  in  methyl-chloride,  in  formic  aldehyd,  and  in 
prussic  acid  of  one  marsh-gas  residue,  plus  one  hydrochloric  acid 
residue  CI',  and  one  water  residue  O",  and  one  ammonia  residue  N'", 
respectively,  is  inferable  from  the  relationships  and  behaviour  of  the 
respective  Ixxlies — so  is  the  existence  alike*  in  ethano,  ethylene,  and 
acetylene  of  two  marsh-gas  residues  inferable  from  the  relationships 
aud  behaviour  of  these  respective  bodies.  As  shown  more  especially  by 
Kekule,  the  individual  marsh-gas  residues  of  every  hydrocarbon  are 
found  to  bo  susceptible  of  changes  exactly  similar  to  those  of  marsh- 
gas  itself,  and  resulting  in  the  formation  of  similarly  characterized 
bodies,  as  indicated  below  in  tho  case  of  some  ethane  aud  ethylene 
derivatives. 
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Ethyl  chloride  C  H« .  C  H.  (CI) 
Alcohol    .     .     CH3.CHa(HO) 
Ethylamine       C  H8 .  C  H,  (H.N) 
Propane  .     .     C  H8 .  C  Hf  (H8C) 


Vinyl-chloride  CH^CH  (CI) 
Vinyl-alcohol  CH,.CH(HO) 
Vinyl-amine     C  H2 .  C  H  (H8N) 
Propylene        C  H8.  C  H  (H,C) 


XV. 

In  any  hydrocarbon  or  chlorhydrocarbon,  the  substitution  of  half- 
saturated  oxygen  HO",  for  one  proportion  of  hydrogen  or  chlorine,  is 
productive  of  a  compound  either  similar  or  dissimilar  in  its  properties 
to  common  alcohol  CaH«,0  or  CHg.GH/HO).  Hence,  from  an  exami- 
nation of  the  resulting  product,  and  of  its  other  modes  of  formation, 
an  inference  is  deducible  as  to  its  genesis  having  resulted  from  a  change 
effected  in  the  marsh-gas  residue  CH8  in  the  former  case,  and  from  a 
change  effected  in  one  or  other  of  the  marsh-gas  residues  CH,  and 
CH  in  the  latter  case. 

In  any  hydrocarbon  or  chlorhydrocarbon,  the  substitution  of  one 
proportion  of  oxygen  0",  for  two  proportions  of  hydrogen  or  chlorine, 
is  productive  of  a  compound  either  similar  or  dissimilar  in  its  pro- 
perties to  common  aldehyd  C«H40  or  CH,.CHO".  Hence,  from  an 
examination  of  the  resulting  product,  and  of  its  other  modes  of  form- 
ation, an  inference  is  deducible  as  to. its  genesis  having  resulted  from  a 
change  effected  in  the  marsh-gas  residue  CH8  in  the  former  case,  and 
from  a  change  effected  in  the  marsh-gas  residue  CHS  in  the  latter 
case. 

The  relative  structure  of  the  previously  cited  metameric  compounds 
propion-aldehyd,  acotone,  and  allyl-alcohol  is  thus  ascertainable,  and 
is  expressed  in  the  following  structural  formula  :- 

Hydrocarbon.  Metameric  Derivatives. 

r  TT    „,  PTT   PTT    cm     iCH«  CH" CH0"         Propion-aldehyd. 
C,H.  or  CH,.  OH,.  OH.     {CH>cacH8        „      Acetone. 

C.H,  or  CH..CH.CH,       CH,.  CH.  CH^HO)      Allyl-alcohol. 

[W.  O.] 
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GENEBAL  MONTHLY  MEETING, 

Monday,  June  7, 1869. 

William  Robert  Gbove,  Esq.  M.A.  Q.C.  F.B.8.  in  the  Chair. 

James  Spencer  Bell,  Esq. 
Honourable  Henry  M.  Best, 
Henry  Davis  Pochin,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

John  Benjamin  Marsden,  Esq. 
was  admitted  a  Member  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
additions  to  "  the  Donation  Fond  for  the  Promotion  of  Experimental 
Researches  " : — 

Sir  Henry  Holland,  Bart,  (llth  annual  donation)      .         .     £40 
J.  Carrick  Moore,  Esq.  (6th  annual  donation)  ...       10 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Astronomical  Society,  Royal-- Monthly  Notices.    Vol.  XIX.    No.  6.      8vo.  1869. 
Bennett,  J.  J.  Esq.  Registrar-General,  New  Zealand— Statistics  of  New  Zealand, 

1867.    fol.  1869. 
Birmingham  Free  Library  Committee — Catalogue  of  the  Reference  Department 

8vo.    1869. 
British  Museum  Trustees — Catalogue  of  Dermaptera  Saltatoria,  &c.    8vo.    1869. 

Guides  to  the  Exhibition  Rooms,  and  the  Autograph  Letters,  &c.    8vo.    1869. 
Burton,  E.— Thoughts  on  the  Separation  of  Church  and  State.  (K  96)  8vo.   1868. 
Chemical  Society— Journal  for  May  and  June,  1869.    8vo. 
Cornwall  Polytechnic  Society,  Royal — Report  for  1868.    8vo. 
East  India  Association — Journal.    VoL  III.  No.  2.    8?o.    1869. 
Editor*— American  Journal  of  Science,  March,  1869.    8vo. 

Artizan  for  May,  1869.    4to. 

Athenaeum  for  May,  1869.    4 to. 

British  Journal  of  Photography  for  May,  1869.    4to. 

Chemical  News  for  May,  1869.    4to. 

Engineer  for  May,  1869.    fol. 

Horological  Journal  for  May,  1869.    8vo. 

Journal  of  Gas-Lighting  for  May,  1869.    4to. 

Mechanics'  Magazine  for  May,  1869.    8vo. 

Pharmaceutical  Journal  for  May,  1869.    8vo. 

Photographic  News  for  May,  1869.    4to. 

Practical  Mechanics'  Journal  for  May,  1869.    4to. 

Revue  des  Oours  Scientiflques  et  Iitteiaires.    May,  1869. 
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EUiot,  Lady— History  of  India  as  told  by  its  own  Historians.    Edited  from  the 
Posthumous  Papers  of  the  late  Sir  H.  Elliot    Vol.  II.    8vo.    1869. 

Geographical  Soctey,  Royal— townsl.    Vol.  XXXVDX    8vo.     1869. 
Catalogue  of  the  Library.    8vo.    1865. 

Geological  #octe£y— Quarterly  Journal    No.  90.    8vo.    1869. 

Jerwood,  James,  Esq.  (the  Author) — The  Application  of  the  Calculus  of  Probabilities 
to  Legal  Subjects.    (Devon.  Assoc.  Trans.  1868.)    8vo. 

Macdonala,  William,  M.D.  (the  Author) — Contributions  to  the  History  of  Develop- 
ment in  Animals.    Part  I.    8vo.    1868. 

Macpherson,  John,  M.D.  M.R.I.  (the  Author)— Cholera  in  the  East    (K  96)    8m 
1869. 
The  Baths  and  Wells  of  Europe.    16mo.    1869. 

Mechanical  Engineers*  Institution,  Birmingham — Proceedings,  July,  1868.    8vo. 

Meteorological  Society — Proceedings.    No.  42.    8vo.     1869. 

Murchison,  Sir  R.  I;  Bart.  M.R.I. — Address  at  the  Anniversary  Meeting  of  the 
Royal  Geographical  Society,  24th  May,  1869.    8vo. 

Musgrave,  Rev.  George,  M.A.  (the  Translator)— The  Odyssey  of  Homer  in  English 
Blank  Verse.    2nd  ed.    2  vols.    8vo.    1869. 

Northumberland,  The  Duke  of,  M.R.I. — Incised  Markings  on  Stone  in  Northum- 
berland, Argyleshire,  &c.    (Privutely  printed.)    fol.    1869. 

Payne,  Joseph,  Esq.  M.R.I.  ((he  Author)— On  Theories  of  Teaching.   (L  15)  8vo. 
1869. 

Photographic  Society — Journal.    No.  205.    8vo.     1869. 

Royal  Society  of  Literature — Transactions.    Second  Series.    Vol.  IX.    Part  2. 
8vo.    1869. 

Royal  Society  of  London — Proceeding*.    No.  111.    8vo.    1868. 

Soci€W  HoUandaise  des  Sciences — Archives.    Tomes  1-3.    8vo.    1866-8. 

Symons,  G.  J.  Esq.  (the  Author) — Symons'  Monthly  Meteorological  Magazine,  May, 
1869.   8vo. 

Vim  and  Oberschwaben  Art  and  Antiquarian  Society — Verhandlungen.  Neue  Reihe. 
Heftl.    4to.    1869. 

United  Service  Institution,  Royal — Journal.    No.  53.     8vo.    1869. 

Vereins  zur  Befbrderung  des  Gewerbfleisses  in  Preussen — Nov.-Dez.    4to.     1868. 

Victoria  Institute — Transactions.    No.  11.    8vo.    1869. 

Zoological  Society— Proceedings  for  1868.    Parts.    8vo.    1869. 

Museum. 

Commissioners  of  the  International  Exhibition  at  Paris,  1867— Medal. 

Tennant,  Professor — Model  of  the  first  Gold  Nugget  received  from  Australia,  1851. 
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GENERAL  MONTHLY  MEETING, 

Monday,  July  5, 1869. 

George  Busk,  Esq.  F.R.S.  Vice-President,  in  the  Chair. 

William  Yanghan  Murray,  Esq. 
Albert  Lewis  Nowdigate,  Esq.  M.A. 

were  elected  Members  of  the  Koyal  Institution. 

James  Spencer  Bell,  Esq. 

was  admitted  a  Member  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  to  the  Lord 
Vernon  for  his  present  of  a  copy  of  the  Inferno  of  Dante,  literally 
paraphrased,  with  "Documenti"  and  "Album,"  in  3  vols,  folio,  privately 
printed  by  his  late  father,  George  Jjhn  Warren,  Lord  Vernon. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Asiatic  Society  of  Bengal— Journal.    No.  152.    8vo.    1869. 

Proceeding*,  1809.    No.  4.    8vo. 
Astronomical  Society,  Royal — Monthly  Notices.    Vol.  XIX.  No.  7.    8vo.    1869. 
Basel  Natural  EisUiry  Society— Verhandlungen.    Theil  V.    Heft  2.    8vo.     1869. 
Bavarian  Academy  of  Sciences — Sitzungsberichte.    1869.    I.    Heft.  1,  2.    8vo. 
Chemical  Society— Journal  for  July,  1869.    8vo. 
Cornwall  Polytechnic  Society,  Royal — Report  for  1868.    8vo. 
Davis,  Alfred,  Esq.  MM  J. — Moses  Angel,  the  Law  of  Sinai.    lGrao.    1868. 
East  India  Association— Journal.    Vol.  III.  No.  2.    8vo.    1869. 
Editors — Artizan  for  June,  1869.    4  to. 

American  Journal  of  Science,  May,  1869.    8vo. 

Athenaum  for  June,  1869.    4to. 

British  Journal  of  Photography  for  June,  1869.    4  to. 

Chemical  News  for  June,  1869.    4 to. 

Engineer  for  June,  1869.    Fol. 

Horological  Journal  for  June,  1869.    8vo. 

Journal  of  Gas-Lighting  for  June,  1869.    4to. 

Mechanics'  Magazine  for  June,  1869.    8vo. 

Pharmaceutical  Journal  for  Juno,  1869.    8vo. 

Photographic  News  for  June.  1869.    4to. 

Practical  Mechanics'  Journal  for  June,  1869.    4 to. 

Revue  des  Oours  Scion tiflques  et  Litte'raires,  June,  1869. 
Edinburgh  Royal  Physical  Society— Proceedings.     1862-6.    8vo, 
Franklin  Institute,  Philadelphia  -Journal.    Nos.  520,  521.    8vo.     1869. 
Geological  Institute,  Vienna — Jahrbuch:  Jahrgung,  1869.    No.  1.    8vo. 

Verhandlungen,  1869.    No.  1.    8vo. 
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Grove,  William  R.  Esq.  Q.C.  M.R.I.  (the  Author)— Address  on  the  Study  of 
Physical  Science  in  Medical  Education.    (K  96)    8vo.     1869. 

Linnean  Society—  Transactions.    Vol.  XXVI.  Part  3.    4to.     1809. 

Lloyd,  W.  Watkiss,  Esq.  M.R.I,  (the  Author) — Panics  and  their  Panaceas :  The 
Theory  of  Money,  &c.    (K  96)    8vo.    1869. 

Maedonald,  William,  M.D.  (the  Author) — Contributions  to  the  History  of  Develop- 
ment in  Animals.    Part  I.    8vo.    1868. 

Mechanical  Engineers'  Institution,  Birmingham — Proceedings,  Nov.  1868.    8vo. 

Meteorological  Society— Proceedings.    No.  43.    8vo.    1869. 

Photographic  Society— Journal.    No.  206.    8vo.     1869. 

Prussian  Academy  of  Sciences — Monatsberichte.    Jan.  Feb.  Mar.  18(19.    8vo. 

Roma,  Ac^ademiadV  Nuovi  Lincei—  Atti.   Anno  XXI.   Seas.  1,  2,  4,  5.   foL   1868. 

Symons,  O.  J.  Esq.  {the  AutJior) — Symons'  Monthly  Meteorological  Magazine, 
June,  1869.     8vo. 

Tilt,  Edward  J.  M.l).  {the  Author) — Handbook  of  Uterine  Therapeutics  and  of 
Diseases  of  Women.    Third  edition.    8vo.    1868. 

Vernon,  The  Lord,  M.R.I. — L'lnfcrno  di  Dante  Alighieri  disposto  in  ordinc 
grammatical  e  corrcdato  di  brevi  Dichiarazioni  da  G.  G.  Warren  Lord 
Vernon :  con  Documcnti  ed  Album.    3  vols.    fol.    1858-65. 
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Sib  Henry  Hollasd,  Bart.  M.D.  D.C.L.  F.R.S.  President, 
in  the  Choir. 


Commimowrj  in  I.nn.ir.,— 2:inl  Report.     Svo.     1869. 

Imperial  Gwerniimil  of  Fiwii".— A.  Fr.su.  I :  (Euvrta,  Tome  II.     4to.     1868. 
Lavoisier :  (EuvTes,  Tome  IV.    4to.     1868. 

Documents    Iuedits   Biir    1'llisi/vire   de    France:    Appendice   su   Cartulaire.   ilo 

l'Abbnye  de  St.  Bertin.    4to.     18ti7. 

Berfy  et  Logrsm.l :  TopagtuUe  da  Vieiix  Paris.    Tome  IT.    4to.    IBM. 

[..■s  h'uiiiillesi  d'Outre-mer  d*  i)u  L'iiiis;.-.      Ed.  M.  K.  (•.  R.j,     4 to,      18(J». 

Lcttres  clii  Cardim.1  dc  ltieln  lieu,  Tome  VI.    4to.     I860. 

Secretary  of  zt<i I,-  for  /mf/u.— Iltjinrt  of  liovcmment  Astronomer  at  Madras  (N. 

Pogson)  on  Solar  Eclipse,      ISI.li  Aim.  1869.     8vo. 
IIJl.U,    the  Coutil  of  Pari;  M.R.I.  <th*  Author)— Lea    Associations   Onvrioree 
(Trades"  Unions).     lSruo.    Paris,  1869. 

Acad&nie  Imperials  den  Betmem  'le.  Si.  PA  irfinwil    TllkftiiiB     VI  If  Serie,  Tome 
XH.  Nos.  4,  5.     Tome  XHI.  Nos.  1-7.    4  to.     1868-9. 

Bulletins,  Tome  SHI.  Nos.  4,  5.     4to.     1868. 
A  gricultural  Society  ofEualaad,  Royal—  Journal,  Second  Penes,  No.  10.   8v0.    1869. 

-  -'    n  Academy  of  Arti  and  SeUnca  — Proceedings,  Vol.  VII.  Noa.  44-46.  Svo, 


lS67-f 


1867-9. 


.*,  isi.;i»,  S(«s.  2. :;,  -\  6, 7.    isos.    No.  i. 
its  Society,  Royal— Jooxnnl,  New  Series,  Vol.  IV.  Part  1.    8vo.    1869. 
Atlrommiml  Sodefy,  Rami— Monthly  Notices.  V-il.  XIX,    Re%  B.B,    8vo.    1869. 
Altfvld.John.Efa.  Ph.D.  ill,.  .l«(W)— Uiemistry,  (icncral.   Medical,  aud   Phar- 
maceutical.    2nd  erf.     1869. 
Author,  the—  i'crp.  tun]  Motion.     I  K  07)     Svo.     1867. 

Borneo/  GmgrapAiVnl  &u-id( '/—Transactions.  1S65-U7.     Vol.  XVIH.     8vo.     1868. 
Button  Society  of  Natural  Hittonj.  U.S.— Memoirs,  Vol.  I.  Part  4.     41o.      1869. 
Proceedings,  Vol.  XII.  Nos,  1-17.    Svo.    1868-9. 
Harris,  Dr.  T.  W.,  Entomological  Correspondence.    Svo.     1869. 
Brituh  Attacialion  for  the  Advancement  of  Scunee — Report  til  the   38th  Jnitlni 

held  at  Norwich,  Aug.  1868.     Svo.     1869. 
Cambridge  Philomphical  Society—  Transactions,  Vol  XI.  Part  2.    Ito.    1869. 

Proceedings,  Parts  3-6.    8?o.     1866-7. 
Cnrmiml  Society—  Journal  for  An-.-f  IH.  1869.     Svo. 

Compiler,  (As—  Discussions  on  AlKililimi  of  I'ateul.'  for  Inventions.     8vq.      1869. 
Dan;  Alfred,  Erq.  Af. B./. —Walter  Dickson  :  Japm,  l.-in-  u  Sketch  of  the  History, 
Government,  and  I  ifficera  of  the  Empire.    Svo.    1869. 
James  Greenwood  :  The  Seven  Curses  of  London.     12mo.    1869. 
Dublin  Society,  floyaJ-^JournaJ,  No.  38.     8m     1869. 

Voi,.  V.    (No.  51.)  ! 
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Editor! — American  Joiinml  of  Seieiioe,  July  to  Sept.  1SU9.     8vo. 
Artinui  for  July  to  Oct.  18(59.    4to. 
AtLeiifV-iiiJi  for  July  t«.  ( tot.  ISC9.    4to. 
Clicraieal  News  fur  July  In  Oct.  1869.      4 to. 
Engineer  tor  July  to  I  >,[.  18(59.    fbl. 
llorologicr.1  Juiimit!  fur  July  lo  Oct.  18(511.     Svo. 
Jonnial  of  ( la»-Li|;litin>-  fur  July  li'i '  (ft.  It" HI.     4 to. 
Qu;u-(crly  J  mi  run  I  nf  Scicmv  fur  Ani;.  Si  |il.  <  lot.  I>69.     Svo. 
Meclmrue.i'  Magazine  fur  July  to  Oct.  18(59.     8TO. 
Pharmaceutical  .Iiiiirr.nl  11  >r  July  to  Oct    1B69.     8vo. 
Photograpliic  News  for  July  to  Or.l.  1809.     4to- 
Practical  Mechanics'  Jrnmj;>l  for  July  lo  Oct.  18(59.     4to. 
Revup  di'H  fours  Seiei.mi.|i],-  ,t  LilU'iiiirc*.     .1  ill  v  to  Oct.  1869.     4to. 
E*«i  hiri Hate.  P.8.—  I  Weeding,  Vol    V.  No...  7,  X.      1808. 
Franklin  h-etilute—  Journals,  N"s.  .VJ2,  0^3,  521.     Nvo.     1869. 

(,',.,-r...  ,-;„■■,:'.',■■,/,   ii„.:.;..,„-     M. n  ■*.  T- XX.  I'lirfic  I.     4lr>.      lso'll. 

J/hV,  JJ.  D.  ?:-(.  f(A«- Jw/Wj— On  Allegiance  by  riirtli.     (K  97)     Svo.     1869. 
i.ntit,dkni  of  Civil  Emiioart— Minnies  of  Proceeding!),   Vol*.   XXV11.  XXVIII, 

8TO.     1868-9. 
Liinmin  S.-ufy-  Journal.  N"s.  46,  50,  51.  anJ  Vol.  XII.     Svo.     1869. 
LtHiti,   Ciimiii  Aimn.-I.  M.li.l.—  l;.  S(oj.hen.~on,   on    tli.j  lstlunus  off- 

(K97;     Svo.     18.18. 
I.ulUeh.  ,1ir  John.  Hurt.  F.liS  M.U.I     the  Author)— I're-hislorie  Times,  as  illllB- 

tmtod  by  Auii  ut  Ronmin.a  un.j  JI..il.-rn  iNu-nKes.     2nd  cd.     1869. 
Manehctttr  hit.  nm  mid  l'hih,„'yhieol  Sv,-i.tij.— MoinnirH.   Ncn   Series,  Vol,  III. 

Svo.     1868.     Pnucdiou  Vdi.  V  -VII.    Svo.     1865-8. 
JHhrwJ.  Witti.im,  M.U.  F.li.X.  Ml!  J.  (the  Author)  -Clinical  Nuta-ou  tin-  Ilisoiy™ 
rf  Uu^Lmyra.     lMino.     1869. 

icri'  institution,  Hrmmt 

Svo.     1869. 


,lf.v7iono\i(   T'mjiui-irt'   liintiliiti-iii,   iiiriiiiiojIiOin  ■    l.'rtH.-iN-iliilLTH.  A|iril, 
lUulirul  niidChiriiri}irol  .SWffr/,  /i r > </n / —  1 " « pC!».-Cilili so).  Vol.  VI.  No.  4. 
Additions  to  Lili'mry,  No.  12.    Svo.     1869. 


MeltiTutuginil  t  'iKitmitfiL'-  ut  tlii-  Uounl  Su-iet-i— Reports.     8so.     1BC9. 

( 'liinU.  -Ii.nvo.c  tin   SoiE.it'.-  'lVio(~-inlrire  of  1 1  if  Atlantic  I  tasui.     fnl.      I; 
Metforulmiieiil  rV-iWa-Prorcedinga.  No.  44.     Svo.     1869. 
\iiti<„i,il  Amiie oiij  of  S.  i.;„;-t,  }]~o.hio,,loit,  r.S.-Ki-|.i.r(H.  I860,  18157.     Svo. 
I'.' i.  C  i.'-u;  ^ht;,il.  !!.\.  f.lL—i  li.irt  >.f  N..|ll,  All it-  iKnn:    Hoop  So;; 

Soundings.     186.'),  18615,  1869.      (Portfolio  I.) 
PhotoilTwphir  8if'i:ta— Journal",  Nos.  S07-21O.     Svo.      1SC9. 
Hat,  John.  Eto.  M.li.l.  {Hi,-  Editor '.-SUiUih*  of  Henry  VII.  in  exact  I'V>iinile. 

from  the.  very  rare  Orii'iunl  "ne  ( . r i ■  1 1 ■  -n i  l.v  CoJon  in  1489.    4to.     1869. 
Royal  Honeta  of  Lmubm-    Proceedings.  Nos.  112,  113,  114.     Svo.     1S69. 
Grauwicli  Observations  for  1867.      Ito.     1869. 

Smith,,,,,,,,,,  taM.',.ii,  f'.N.-  A ml  l;,.,...ri.  1807.     8vo.     1868. 

tiliitiMi.;,}  M,t.,-3,.nm«\.  Vol.  XXXII.  1'i.rts  2.  3.     8to.     1869. 

HI ,  E.  ,17.  Ei,t.  {tiu-  Author)— Memoir  of  T.  A.  Telft.     [L  15]     Svo.     1B69. 

Suheiter.  J.  J.  hh.lt.  ■  the.  Author  —Theory  of  li.-lneible  t'vel.-l.-K    (K97)    Svo. 

1SC9. 
Sytaoat,   G.  J.    En-/,  [the,   Aidl.nr, — Pvuioii-'   Muiillily   M. d-ovoln-ieal    Maguine, 

July  to  Oct.  1869.    Svo. 
Trintu^r,  tlo,— St.  l!;ir1lioloi!i>-«-'s  llo^.itnl  Reports.     Vol.  V.     8vo.     1S69. 
Triiiiti/  Coll,,]--,  hMhi;   l'nn:,.t  ,ind  .•ifiii,.,-  l-'fihiim.— Ma[;iietienl  and  Moteorolo- 

gicol  Olisurvation,,.     Vols.  I.  II.     4to.     1805-9. 
United  Srrrice  AmWnKm,  iToyiil    Jimnwl,  Noa.  54,  55.    Svo.     1869. 

Ion  i/(.r  ,lf.  ii,.lir<i'li)hi  ,   .'/.  tlh.    Aiithof  —Sill-    In  Telifi".'!!    Sn[H.Tlu'lelle  ile    Liijlliik"'. 

4  to.    Ifruielles.    1869. 
Vereiat  mr  BefBriitrmitj   det   Grirerbfieittet    in   Freu&en — VorbandlungBn,  Hai, 

Jurii,     1869.     41o. 
Victoria  Iwtttute— Journiil,  Vol.  HI.  No.  12.     Svo.     1869. 
Zooloni.mt  Sodety— TnuutctfOM,  Vol.  VI.  Part  8.     4to.     1869. 
Proceedings,  1869.     No.  1.     Svo. 
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GENERAL  MONTHLY  MEETING, 

Monday,  December  6,  1869. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

George  Henderson  Gibb,  Esq. 
William  Harbottle,  Esq. 
John  Henderson,  Esq. 
Henry  Musgrave  Mnsgrave,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  following  Lecture  Arrangements  for  the  ensuing  Season  were 

announced : — 

Professor  Ttndall,  LL.D.  F.R.S.  — Six  Lectures  (adapted  to  a  Juvenile 
Auditory),  On  Light  On  December  28th,  30th,  1869 ;  January  1st, 
4th,  6th,  8th,  1870. 

Before  Easter,  1870. 

Professor  Humphry,  M.D.  F.R.S. — Six  Lectures,   On  the  Architecture  of 

the  Human  Body.    On  Tuesdays,  January  18th  to  February  22nd. 
Professor  Odling,  F.R.S. — Twelve  Lectures,  On  the  Chemistry  of  Vegetable 

Products.    On  Thursday,  January  20th  to  April  7th. 
Robert  Soott,  Esq.  M.A.  Director  of  the  Meteorological  Office.  —  Four 

Lectures,  On    Meteorology.       On    Saturdays,  January  22nd    to 

February  12th. 
Dr.  Masters.  F.L.S. — Two   Lectures,  On  Plant  Life  as  contrasted  with 

that  of  Animals.    On  Tuesdays,  March  1st  and  8th. 
Professor  Rolleston,   MJ).  F.R.S.  —  Four  Lectures,  Deductions  from  the 

Comparative   Anatomy   of    the  Nervous  System.       On  Tuedays, 

March  15th  to  April  5th. 
Professor   Max    Muller,  M.A.  LL.D. — Four    Lectures,  An  Introduction 

to  the  Science   of  Religion.     On  Saturdays,  February  19th    to 

March  12th. 
Joseph  Norman  Lockteb,  Esq.  F.R.S. — Four  Lectures,  On  the  Sun.     On 

Saturdays,  March  19th  to  April  9th. 

After  Easter. 

Professor  Blackte.  —  Four    Lectures,    On  the    Principles   of   Moral  and 

Political  Philosophy.    On  Tuesdays,  April  26th  to  May  17th. 
Professor    Tyndall,    LL.D.    F.R.S.  —  Seven  Lectures,  On  Physics.     On 

Thursdays,  April  28th  to  June  9th. 
Professor  Robert  Grant,  LL.D.  F.R.8. — Seven  Lectures,   On  Astronomy. 

On  Saturdays,  April  30th  to  June  11th. 
Professor  Seelet. — Three  Lectures,  On  History.    On  Tuesdays,  May  24th, 

31st,  and  Juno  7th. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Her  Majesty* 8  Government,  through  Sir  R.  I.  Murchf son— Memoirs  of  the  Geological 
Survey : 
Report  on  the  Geology  of  Jamaica.    8vo.    1869. 

2  D  2 
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Memoirs  on  tho  Geology  "i  t } i t-  Midland  Connti.-^,  I>.iWI,ii'-,  hihI  Yorkshire. 

Mineral  Sl;di.-tics  for  1868.   8vo.    18153.    Catalogue  of  Publirations.   8v0.    1869. 

Larat  of  the  Admiralty -\,MHr.\\  Ainu ■  |.>r  1-7:1     Svo.     1869. 

itflJrew*.  J.  Ji,  l-j-i.  Mlt.L  ithe  Author)— USe  if  UlivtrCWuvell  t,,  the  Death  of 

Cl-arles  I.    Svo.    1869. 
Aliatic  Society  nf  Bengal—  Pr<™  ilins?.  -SB!',  No.  8.     8vo. 
iJanari'an  Arnilemy  oJSeienee,  lio'iiti — Aljh.iiidlLiii^rii.  IS.lik]  X.  Zuvile  Abtheilung. 
4to.    1868. 

Dsntarhrii't  ouf  C.  F.  P.  von  Mnrtim.    4  to.     1869. 

Beobiclitnntfen  ilon  Mrteiirol'.^ifudiea  OWrvalonuiiw  IfTil-BK.    Svo.    1868. 

Veraeichnue  di  r  '..:«;:.  'iVl. ■.,.>■>■  .ij-i'hcii  Stereo.    8vo.    1869. 
Booth.  Hits  —  Miiimir  of    tin*  lute  Heiirv   Booth  of  Liverpool    anil    Manchester 

Railway,     llv  liuWl  SiuiK-s.     .Sen.     I860. 
Britith  Mweum  fruikat  —  t.iiidr  to  S-touiI  Vase  lioian.     Svo.     1*1 
CAentieoI  Society— Journal  for  Nov.  1869.     8vo. 
Cliitira!  >:«■,,/,/  -  Tii'iisactiucs.     Vul.  IX     8vo.     1869. 
Devon/hire  Amotttim     Heporl  aad  Transactions.     July,  1869.     8i 
Editor*—  Academy  ti.r  Nnv,  IS69.    4to. 

Artizon  fa  Nov.  1869.    4to. 

AtheiuBora  lor  Nov.  I860,    ito. 

Cliemirail  News  for  Not.  1869.    4 to. 

Engineer  for  Nov.  1869.    foi. 

Horoli^gieal  Juiiriml  t-T  Nnv.  I860,    Svo, 

Journal  of  (ioa- Lighting  I'nr  Nov.  I860.     41o. 

Mechanics'  Mapizine  fur  Nov.  1869.    Svo. 

Nature  for  Nov.  1869.    4to. 

i'li. i ii 1 1.', -I  n lii; 1. 1  join 1 1 .4.1  r'nr  Niiv.  lsi;:i.    ,sv". 

Photographic  Neiv-t  f.ir  Nnv.  I860.     4tn. 

Practical  M. ■chnnies'  Journal  fiT  Nov,  1S69.     4fc>. 

Bovue  dea  Cnur-  Si'ionli'ii|iie.j  it  Litterairea.    Nov.  1869.    4to. 

Scientific  Opiniou.     Nnv.  IHIift.     4to. 
Fiirn-lny.  Mrt.  null  Dr.  Itenci  Join  s  -   Life  and  Letters  of  Faraday.     By  Dr.  Bence 

team.     2  v.ila.     8vo.     1869. 
Franklin  Iwtitntr     .Toui-isul-.,  Nf.s.  ."»"■.  ,r>'2<i.     Svo.     lK'Kl. 
i;,...,i-,.  .-„.■,,/.■.;.   ;■:'.,■.-■,■,"■      MfiiiMin-s.     'I  ..in.-  XX.      Panic  1.     4  to.      I860, 

(i,.*,,.,,.),,,;,!  *„,-i,i„,"i: jf — l'j-i-i.-H.-f.liiiin.     Vul.  XIII.  Nus.  :l,  4,  5.     Sto.     1869. 

iinl.ii. ;ii  .<■:„■■„ t„     ijuml.  rlv  .1 1.  X.*.  ■■'.:  lint.     Hvo.     ISlSt. 

(,',„.',..,„„/  ,>„"■"■  ,V  ..r'  /■W.fB-f.     Journal,  V. .1.  II.  I'.irt  I,  2.     8vo.     1869. 
I**U  PhSowplucat  Society-  Annual  Report,     1868-9.     Svo. 

Ni-rl,i>niritl   J-:,urt„;  >■     I»-ii<lltl„,l,    J>V,ia,W"0«  — I'lneenliriu'-I,   Air;.   lSn'l.       Sill. 

.1J..7.V.,- 1  7, ;,„,„..■.■.,/ .-■,..„(„.  /.'-,,,„/     Tr;,i»;..-li,ii!s.     Vol.  T-ll.      Svo.      1869. 
M  ■>'<■■    r,  >,!,.;  /Wo.i -Archive-,  V.. I.  II.      Fascicule  ::.     svo.      ISC'.i. 
".//m.7.  li\  MB.  F.lt.S.    I',.-  Author..— Outiin./s'iil.'ht'inisiry.     llimo.     18G9. 
l'hito'.htiihhi  Aiinl.  my  -I  .Xutitnil  ty-it  <va— Proceed Liij^S  1®*8-     S,u- 

Preauiidu  Afoul-mi,-  il'.r  HVw  o.',l.„l'i,„    -  M lIj.1  ..  rielile,  July,  Aug.    8so.    18C9. 

7  hU-.tro/Jiir  S„,-utii— Journal.     No.  1!I1.     8vo.     1809. 

It,ium,r.  Friritri-h  V.m,  lion.M.Ii.I.  (the  Aullior)— LittenmBcher  NocIilaBS.    2  vol. 

Svo.    Berlin.     1869. 
(7,,',ri7  Sn.;'/.tv<if  I.;H,l„n  ■   riiilosipliinil  Trnii.-ii.'t.ioiis  fur  lsrli).     Part  I.     1869. 

G.tnlogueofSeiciililicI'ninjra.     lSIK)-U3.     V..1.  LU.     4to.     1869. 
linyol  Siftli'li  A.-.ul,,,,,)  „i  ,-w,  „■■■..  SI, ,,■1:1,, -In—  lluii.lliiigar.     1S64-67.     4to. 

OtVenigt  of  Fi.rliuzidiinjjiir.      lWl'i-68.     8vo. 

I^fnailBteekningtir.    Band  I.    Hiifk'  L    Svo.     I860. 
Syvioni,  G.J.Ftq.  (th,  Anth.T)     Moiillily  Muti:ornlogii'nl  Macnzine,  Nov.  186ft.  Svo. 
Tuson,    RirhiirA,  F.C.S.  (the   Aulluir)  —  l'hasuit<i:„\",'M  nl  \'.ti  -rinnry   Medici  ue  . 

16to.    1869. 
WiHiamton.  Pro/  -*■  JF.F.H.S.  CUie  Jnttor)— On  Lil'  Atomif  Tlieury.   (Cliem.  Soc. 

JonnuO,  Sept.  1869.)    Svo. 


INDEX   TO   VOLUME   V. 


Ann,  F.  A.,  on  Borne  Applications  of 

Electricity    to   Naval   and   Military 
Purposes,  479. 

Atiy^siniii.  or  Ktliiopin,  404. 

Acroiiouties  in  relation  to  Flight,  94. 

Alloys  mid  their  Usee,  335. 

Animals  most  nearly  intermediate  be- 
tween Birds  and  Reptiles,  278. 

Anderson,  Charles,  Assistant  to  Fara- 
day, 206. 

Annual  Meetings  (1867;,  144;  (1868). 

375;  (1809),  547. 
\ '..■■■  .i :   Formation  of  Organic  Sub- 


Barrett,  W.,  Experiments  on  Sonud- 
in:,-  situ]  S.'nsiiiv.    Fliirin  -.  7,  It. 

Barrows,  in  Yorkshire,  explored,  78. 

Bain,  A.,  on  the  Doctrine  of  the  Corre- 
lation of  Force  in  its  Bearing  on 
Mind,  157. 

Baker,  Sir  8.  W.,  on  Abyssinia,  or 
Ethiopia,  404. 

Biol,  Experiments  of,  188. 

Blackie,  J.  S-,  on  the  Music  of  Speech 
in  the  Greek  and  Latin  Languages, 
115. 

Bruin,  its  Unconscious  Activity,  338. 

Bridges,  Dr.  John  H.,  on  dm  Influ- 
ence of  Civilization  upon  Health,  470. 


slituli aid  its  relation  to   Physical 


Caiipf.nter,  W.  B.  on  the  Temperature 
anil  Anininl  Life  of  the  Deep  Sen,  503. 

on  tin;  Unconscious  Activity  of  the 
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